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Abstract 
It was once believed that the nucleus was an aqueous sac that 
enclosed genetic materials and various enzymes for DNA processing. In 
the last two decades, a dynamic nuclear skeleton has been discovered and 
characterized. The nuclear skeleton, now commonly called nuclear 
matrix, is not only involved in maintaining the size and shape of the 
nucleus, but also involved in gene activities like DNA replication, 
transcription and RNA splicing. The nuclear matrix is mainly protein in 
nature with about 1.2% UNA and 0.1% DNA tightly bound to it. The DNA 
that is tightly bound to the nuclear matrix is termed the matrix 
attachment region (MAR). It organizes the genomic DNA into well 
defined loops and allows the genes to be expressed in a specific manner. 
The protein composition of the matrix is cell-type specific as well as 
differentiation and transformation-dependent. The nuclear matrix 
proteins together with the MAEs associated with them are therefore 
suggested to regulate specific gene expression as the cell develops and 
differentiates. 
In this work, the nuclear matrices of cervical carcinoma and 
ovarian carcinoma cells are studied. Both the nuclear matrix morphology 
and protein composition are compared to their normal counterparts. The 
cells are treated with detergents to release membrane proteins and 
nucleoplasmic soluble proteins. Then DNase I is added to digest the 
genomic DNA thoroughly. The DNA fragments together with histone 
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proteins are eluted by ammonium sulfate. After removal of the majority of 
nuclear materials, an insoluble proteinaceous nuclear matrix is 
uncovered. This filamentous nuclear matrix is processed for embeddment-
free sections and observed under a transmission electron microscope, or 
the matrix proteins are dissolved in concentrated urea and resolved using 
two-dimensional gel electrophoresis. 
The cell after extraction consists of residual nucleoli, internal 
nuclear matrix, residual nuclear envelope and cytoplasmic intermediate 
filaments connected with each other. This continuous network is the same 
for all cell types examined. Moreover, the nuclear matrix stability is 
related to cell differentiation. Less differentiated CC2 cells have a more 
stable nuclear matrix than well differentiated CC3 cells; epithelial basal 
cells of normal cervix have denser nuclear matrix than the epithelial 
superficial cells; and the nuclear matrix of tumorigenic ovarian carcinoma 
cells is more stable than those of immortalized normal ovarian epithelial 
cells. 
The present study also shows that more than 150 nuclear matrix 
proteins are found in all the cells examined. There are differences in the 
protein composition between CC2 and CC3 nuclear matrix. Four basic 
matrix proteins are found specific to less differentiated CC2 cells. On the 
other hand, four acidic nuclear matrix proteins with higher molecular 
weight are only present in the more differentiated CC3 cells. When 
comparing the normal to transformed cells, some nuclear matrix proteins 
found in normal samples disappear while several new ones are found in 
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cancer cells. They are mainly basic proteins with low molecular weight. 
Most surprisingly, of all the cancer specific matrix proteins discovered, 
two of them are common to both cervical and ovarian cancer cells. The 
significance of these results will be discussed. 
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DTT dithiothreitol 
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mRNA messenger ribonucleic acid 
NEPHGE non-equilibrium pH gradient electrophoresis 
NL nuclear lamina 
NM nuclear matrix 
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Nuclear matrix is operationally defined as the residual structures 
after sequential extraction of nuclei with non-ionic detergents, nucleases 
and high-salt buffers. After removal of the soluble proteins, DNA together 
with histories from the nucleus, a residual nuclear skeleton is uncovered. 
This nuclear matrix structure has been well studied. It consists of nuclear 
lamina, internal nuclear matrix and residual nucleoli. The nuclear 
lamina forms an outer boundary that encloses the internal nuclear matrix. 
The internal matrix fibres consist of many associated hnRNP and hold the 
residual nucleolar in position. 
Besides being a skeleton defining the size and shape of nucleus, the 
nuclear matrix also plays an important role in gene activities. Replication 
and transcription occur at fixed sites of the nuclear matrix with DNA 
being reeled through them. After transcription, the pre-mRNA processing 
still occurs at the nuclear matrix. It has also been suggested that the 
matrix is also involved in the transport of mature RNA out of the nucleus 
to the cytoplasm. Moreover, the genomic DNA is attached to the nuclear 
matrix in looped forms. This attachment can be permanent or transient 
during cell development. Therefore, nuclear matrix is involved in both 
topological organization of DNA and specific gene expression. 
The nuclear matrix protein composition is differentiation-
dependent. There are major differences in the protein composition 
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between undifferentiated and differentiated cells. Moreover, the dramatic 
changes in the protein pattern coincide with modification in tissue specific 
gene expression as cells differentiate. These suggest a functional role of 
nuclear matrix in mediating the gene expression. Furthermore, the 
nuclear matrix protein pattern is also transformation dependent. When 
cell transformation is initiated, several matrix proteins may stop to be 
expressed while novel proteins appear. These proteins may be important 
biomarkers in the pathogenesis of cancer. 
In this study, the nuclear matrices of cervical and ovarian cancer 
cells are investigated. The cervical carcinoma cell lines were established 
from two Chinese patients with different differentiation stages of 
squamous cell carcinoma. The nuclear matrices of cervical cancer cells are 
compared to that of the normal cervix epithelial cells from the surgical 
specimen and the primary culture. In addition, the cells from different 
ovarian carcinoma cell lines are compared to those of the immortalized 
normal ovarian epithelial cell lines. Both the nuclear matrix organization 
and protein composition are studied. 
Embeddment free sections are used to study the nuclear matrix 
morphology under a transmission electron microscope. The sections, 
without embedding medium, are cut thicker than conventional thin 
sections, thus three-dimensional structures of the nuclear matrix with 
sharp and high contrast images can be examined. For protein analysis, 
two-dimensional gel electrophoresis is adopted. Instead of conventional 
isoelectric focusing (IEF), non-equilibrium pH gradient electrophoresis 
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(NEPHGE) is used for the first dimensional run. Using NEPHGE, more 
basic proteins together with acidic one can be resolved across the entire 
pH range. 
The differences between normal and cancer cells in their growth 
and nuclear morphology are obvious. The cancer cells grow faster and 
have uncontrolled growth with a loss of contact inhibition. Usually, 
cancer cells remain in an undifferentiated stage. On the other hand, 
normal cells can eventually stop to divide and then differentiate. In 
addition, the nuclei of cancer cells are, in general, larger and there is an 
increase in the chromosome number. Nuclear matrix, which confines the 
nuclear shape and size, may therefore have a different architecture in 
transformed cells. Moreover, evidence has shown that cancer cells contain 
different nuclear matrix proteins and more active DNA than their normal 
counterparts. In this communication we report on the changes of 





1 Nuclear Matrix 
Nuclear matrix is operationally defined as the residual structures 
after sequential extraction of nuclei with non-ionic detergents, nucleases 
and high-salt buffers (Todorov et al. 1991). 
When observed under the light and electron microscope, the 
nucleus is seen to be composed of several structural areas: 1) a 
surrounding nuclear envelope, 2) nucleoli, 3) dense chromatin 
(heterochromatin) patches around the nucleoli, adjacent to the nuclear 
envelope and in the inner nuclear regions, 4) interchromatinic area which 
contain various granular and fibrous components as well as the diffuse 
chromatin (euchromatin). Nuclear matrix is the structure which 
remained in the nucleus when most of the nuclear materials, such as 
nucleic acid, protein and phospholipid, have been removed. The major 
component of nuclear matrix is protein. 
The term "Nuclear Protein Matrix" was first coined in 1974 by 
Berezney and Coffey. They prepared liver nuclei from Sprague-Dawley 
rats and extracted with low and high salt buffers, detergents and 
nucleases in the following sequences: two extractions with 0.2mM MgCb, 
then three extractions with 2M NaCl. After salt extraction, 1% Triton X-
100 was added to the nuclei and followed by 200jag/ml DNase I and 
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RNase. The resulting nuclear structure retained the shape of unextracted 
nuclei but had a smaller size. It consisted of three main components: 1) a 
residual nuclear envelope which formed a continuous structure 
surrounding the nuclear sphere, 2) highly condensed residual nucleoli and 
3) an extensive granular and fibrous network extending throughout the 
interior of nuclear sphere from the residual nucleoli to the residual 
nuclear envelope (Berezney and Coffey 1974, 1976 1977). This 
framework consisted of 98.4% protein, less than 0.1% DNA, 1.2% RNA 
and 0.5% phospholipid (Berezney and Coffey 1974). Due to the high 
protein content, the framework was at first termed nuclear protein matrix. 
It is commonly called nuclear matrix now. 
After isolation and characterization of the new structural protein 
matrix in mammalian nuclei, Berezney and Coffey (1975) discovered the 
close association of nuclear protein matrix with newly synthesized DNA in 
the following year. During isolation of the protein matrix, distinct 
fractions of DNA were removed with each sequential extraction. 
Approximately 75% of the total DNA, called bulk DNA, was removed by 
0.2mM MgCh. The remaining 25% DNA could further be fractionated by 
2M NaCl into high salt soluble DNA and residual matrix DNA, which 
remained tightly associated with nuclear protein matrix. They also found 
that DNA synthesis and transport followed a specific sequence from 
residual matrix DNA to high salt soluble DNA and lastly to the bulk DNA. 
Although the structural localization of the newly replicated DNA had not 
been completely resolved, they suggested that the nuclear matrix and the 
5 
DNA association with this structure may have an important role in the 
initiation and replication of DNA. 
All the above findings showed that there is a nuclear skeleton that 
maintains the nuclear size and shape. Moreover, this nuclear framework 
which was protein in nature, might play some roles in gene activities. 
These aroused many scientists' interest in the nuclear matrix, since at 
that time it was believed that the nucleus is "just a sac of chromosomes 
and enzymes sloshing around in a watery solution" (Hoffman 1993) and 
the gene activities occur anywhere within this aqueous medium. For the 
past 20 years, more and more cell biologists have come to recognize the 
existence of a network of insoluble protein fibers known as nuclear matrix 
and its influences on the biochemical reactions within the nucleus. 
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1.1 Methods for nuclear matrix extraction 
Based on the sodium chloride extraction method introduced by 
Berezney and Coffey (1974), there are several modified extraction methods 
commonly used nowadays. The modifications mainly depend on the 
purpose of the studies and can be classified according to the method used 
for extraction of chromatin (Stuurman et al. 1992). 
For the extraction with sodium chloride, the bulk DNA is 
removed by concentrated sodium chloride (Berezney and Coffey 1974, 
Kaufmann et al. 1986). Various parameters, such as temperature, RNase 
and formation of disulfides, in the isolation protocol were systematically 
analyzed using this extraction method and isolated nuclei were used as 
the starting material. 
The extraction with ammonium sulphate method makes use of 
ammonium sulphate instead of sodium chloride for extraction of 
chromatin ( Fey et al. 1984, 1986). This preparation starts from cells 
rather than isolated nuclei. Therefore the resulting matrix also contains 
cytoskeletal structures and are called the "nuclear matrix-intermediate 
filament complex . 
Extraction with lithium diio do salicylate (LIS) was developed 
by Mirkovitch et al in 1984. It is a low-salt extraction method that utilizes 
25mM LIS as the extracting agent. Moreover, DNA is digested with 
restriction enzyme instead of the non-specific cutting enzyme, DNase I. 
Therefore this method is thought to be a milder procedure that facilitates 
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the identification and characterization of DNA sequences that remain 
bounded to the nuclear matrix. 
All the protocols described above are extractions under non-
physiological high or low ionic strengths buffers. Cook and coworkers 
(1990) introduced a procedure that allows one to maintain near-
physiological ionic strengths throughout the matrix isolation steps 
(Jackson et al. 1990). Cells are first encapsulated in agarose microbeads 
and lysed in a "physiological" buffer. Then the chromatin is electroeluted 
after treatment with restriction enzyme. After the electroelution of 
DNA at physiological ionic strength, replication al and transcriptional 
activities are still almost completely retained in the resulting nuclear 
matrix although chromatin fragments as large as 108 Da have been 
electroeluted. Therefore it is a good method to study the relationship 
between gene activities and nuclear matrix. 
Each of the above procedure has its own important virtue and 
inevitable defects. Each serves to illuminate different aspects of 
biochemically complex structure and in concert, they serve as powerful 
analytical tools for the study of matrix structure and function. 
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1.2 Nuclear matrix organization 
Extraction with ammonium sulphate is the commonly used method 
for studying nuclear matrix organization and protein composition since it 
removes as much DNA as possible. In this case, cells are extracted with 
Triton X-100 ammonium sulphate or Tween 40 plus sodium deoxycholate, 
DNase I and then ammonium sulphate again to release membrane and 
soluble proteins, remove cytoskeleton, digest DNA and elute chromatin 
respectively (Capco et al. 1982 Fey et al. 1984 He et al. 1990 Jiao et al. 
1991). All the cytoplasmic materials are removed except intermediate 
filaments. So when cells are grown oil a suitable substratum and then 
extracted, an intermediate filament - nuclear lamina - nuclear matrix -
nucleolar matrix (IF-NL-NM-NuM) system is obtained (Fey et al. 1984 
Jiao et al. 1991 Yang et al. 1994). A web of intermediate filaments, most 
of them about 10 nm in diameter, extends from the nuclear surface 
radially. Nuclear lamina is a continuous network of protein that is 
located at the inner nuclear membrane. It is postulated to provide an 
architectural framework for the nuclear envelope and an anchoring site at 
the nuclear periphery for interphase chromatin (Gerace 1986). The 
lamina forms the residual nuclear envelope after extraction that marks 
the boundary between the external intermediate filament and the internal 
nuclear matrix. The internal nuclear matrix is a reticular meshwork 
which extends throughout the extracted nucleus. It is continuous with the 
nuclear lamina and connected to the residual nucleoli. Under high power 
of electron microscopy, the internal matrix can be visualized as densely 
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packed fibers associated with electron dense particles. The matrix fibers 
range from 3 to 22 nm in diameter. Attached to this filamentous network 
are many dark granules, each about 20 nm in diameter, and often occur in 
clusters of four to five (Capco et al. 1982). These granules are believed to 
be heterogeneous nuclear ribonucleoprotein (hnRNP). The last feature in 
the residual nucleus is the nucleolar matrix (Verheijen et al. 1988). The 
nucleolar matrix is defined as the residual structure left after extraction 
procedures to reveal the nuclear matrix (Jordan 1984). Such nucleolar 
matrices retain the size and shape of the original nucleoli. Their fibers 
are more tightly packed as compared to the internal matrix and appear 
very dense under EM. These electron dense nucleolar remnants are 
anchored to the peripheral lamina by the internal nuclear matrix. Due to 
its high density, nucleolar matrix is difficult to study. However, the 
nucleolar matrix isolated from Xenopus oocyte can provide some 
information about its organization and protein composition. The nucleolar 
filaments are about 4 nm in diameter and they are densely coiled into 
higher-order fibrils of 30 to 40 nm diameter (Franke et al. 1981). Pre-
ribosomal RNP particles are the major constituents of nucleolar matrix 
(Olson et al. 1986) and they are mostly basic proteins (Comings and Peters 
1981). 
The nuclear lamina, internal nuclear matrix and nucleolar 
matrix, by definition, are collectively called nuclear matrix. 
However, the term "nuclear matrix” is also used by some authors 
to represent the internal nuclear matrix only. So "nuclear 
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matrix may represent two different structures. Broadly 
speaking, it is the residual structure of nucleus after extraction 
which includes the nuclear lamina and residual nucleoli. 
However, when looking at the IF-NL-NM-NuM system in detail, 
"nuclear matrix” is the internal nuclear matrix. 
Further extraction of the nuclear matrix as described above with 
2M NaCl may uncover a network of core filaments (He et al. 1990). 
Penman and his coworkers (1990) believe that the internal nuclear 
matrix, after DNA elution by ammonium sulphate, is composed of thick 
polymorphic fibers. The protein composition of these thick fibers is 
complex and cell type specific. Further extraction of the complete nuclear 
matrix with 2M NaCl removes many of these matrix proteins and reveals 
the much thinner core filaments. The core filaments are much thinner 
and more uniform than the original matrix fibers. They are mainly of two 
types with diameters of 9 and 13 nm respectively. This core filament 
network is highly branched and appears to anastomose smoothly with no 
obvious junctional structures. In addition, most granular hnRNP are 
associated with the core filaments since about 70% of total nuclear RNA 
remained after 2M NaCl extraction. 
hnRNP is a component of the nuclear matrix. By immunostaining, 
it is found to be associated with the core filaments, even after high salt 
extraction (He et al. 1991). Furthermore, when digested with RNase, 
proteins of the core filaments are released and the only structures left are 
nuclear lamina and exterior intermediate filaments. In addition, 
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digestion of the nuclear matrix with RNase results in the aggregation and 
even loss of the interior fibers (Fey et al. 1986). This suggests that 
hnRNP, besides being just a component of the nuclear matrix, also plays 
an important role in maintaining the matrix integrity. 
In conclusion, a model of nuclear matrix structure is suggested: 
The nuclear lamina with, its nuclear pores forms the outer boundary of the 
nuclear matrix. Intermediate filaments radiate out from the lamina into 
the cytoplasmic space. The nuclear interior contains the internal nuclear 
matrix together with dark granular nucleoli. The internal nuclear matrix 
is composed of hnRNP granules associated with thick, polymorphic fibers. 
These are the fibers remained after the removal of chromatin by DNase I 
and elution with 0.25M ammonium sulphate. Further extraction of this 
complete nuclear matrix with 2M NaCl reveals the much thinner core 
filaments. The hnRNP granules are still attached to the core filaments to 
maintain the network integrity. 
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1.3 Nuclear matrix protein 
1.3.1 Nuclear lamins 
There are three main proteins present in the nuclear lamina, 
lamins A, B and C. They are also the earliest proteins being discovered as 
members of the nuclear matrix and found in every human cell type 
examined to date. During cell division, nuclear membrane disintegrates 
and all three lamins become monomeric at periods of mitotic lamina 
disassembly. Lamins A and C occur in a soluble and nonmembrane-
associated state while lamin B is associated with membrane fragment 
derived from the disassembled interphase nuclear envelope. However, 
this mitotic lamina depolymerization is a reversible process. The 
depolymerized proteins are recycled in the formation of the daughter cell 
nuclear envelopes (Gerace and Blob el 1980). 
Molecular cloning and sequencing of cDNAs for lamins from a wide 
variety of species have revealed that lamins are members of the 
intermediate filament protein superfamily and are classified as group 5 
intermediate filament. Nuclear lamin B has a molecular weight of 67kDa 
and pi 5.94. Lamin A and C are of same pi (7.63) but lamin A has a 
higher molecular weight (70kD) than lamin C (60kDa). There are many 
amino acid sequence homologies between lamin A and C, but lamin B, in 
contrast, has a peptide map distinct from lamins A and C (Gerace and 
Blob el 1980 Nakayasu and Berezney 1991). One dimensional protease 
V8 peptide map and two dimensional trypsin peptide map both show that 
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lamins A and C are very similar to each other but quite distinct from that 
of lamin B. 
Beside structural similarity, lamins A and C have similar functions. 
They are DNA binding proteins (Hakes and Berezney 1991a) and 
specifically bind to mitotic chromosome surfaces and assemble into a 
supramolecular structure during cell division (Glass and Gerace 1990). It 
is suggested that these lamin-chromatin interactions are important for 
interphase chromosome structure as well as nuclear envelope reformation, 
assuming that some of the interactions formed during telophase are 
subsequently maintained. On the contrary, lamin B is not a DNA binding 
protein (Hakes and Berezney 1991a). However, it appears to have a 
specialized membrane-binding role since it is more resistant to chemical 
extraction from membrane and remains associated with membrane 
vesicles after nuclear envelope disassembly during mitosis (Gerace 1986). 
Moreover, it has been demonstrated that lamin B constitutes an 
intermediate filament attachment site and this may anchor the 
intermediate filament directly to the nuclear lamina and provide a 
continuous network connecting the plasma membrane with the 
nucleoskeleton of the cell (Georgatos and Blob el 1987). 
1.3.2 Internal nuclear matrix 
The composition of internal nuclear matrix is of astonishing 
complexity. Fey and Penman (1988) suggested that nuclear matrix 
proteins can reflect the cell type of origin in cultured human cells. They 
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examined nuclear matrix proteins of different cell types including breast 
carcinoma cell lines, fibroblasts, glioblastoma, adrenal cortex 
adenocarcinoma and duodenal adenocarcinoma and found that the 
number of matrix proteins ranged from 37 to 84 per cell line. However, 
nuclear matrix proteins from cell lines derived from the same cell type 
display almost identical 2D electrophoretic pattern and appear to be 
invariant within a cell type. In addition, there are a number of proteins 
that are common to two or more of the five human cell types examined. 
Therefore they proposed that the matrix proteins from diverse cell types 
consist of two population: those that are expressed in several cell lines and 
those that are expressed in a cell-type-specific manner. Further 
experiments had shown that a set of proteins was not only present in 
eight mouse cell lines examined, but also in other mammalian species 
such as rat and human cells (Stuurman et al. 1990). Nuclear matrins may 
be the candidates for those nuclear matrix proteins that are conserved 
among different cell types. Nakayasu and Berezney (1991) had identified 
eight major nuclear matrix proteins which are present in a variety of 
mammalian cells and termed them nuclear matrins to distinguish them 
from nuclear lamins A, B and C. The eight proteins are matrins 3 4 12 
13 D, E F and G, and among which, matrins D, E, F, G and 4 were 
identified as specific DNA binding proteins (Hakes and Berezney 1991a 
1991b). 
Although nuclear matrix protein composition appears to be 
invariant within a cell type, their expression is cell cycle, differentiation 
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and transformation dependent. A number of experiments had been done 
to compare the pattern of nuclear matrix proteins between normal and 
cancer cells using a high resolution two-dimensional (2D) gel 
electrophoresis technique. When normal and cancer rat prostate cells 
were compared, ten matrix proteins were identified as unique to the 
normal prostate while five were unique to the cancer cells (Getzenberg et 
al. 1991). These changes found in the prostate cancer actually represent 
changes which occur with transformation. Further study on prostate 
cancer using human tissue support the idea that nuclear matrix protein 
expression may vary as cells undergo transformation (Partin et al. 1993). 
The 2D patterns of nuclear matrix protein from fresh human normal 
prostate, human benign prostatic hyperplasia and prostatic 
adenocarcinoma were compared. There were approximately 150 proteins 
that could consistently be seen from patient to patient regardless of the 
type of prostate tissue examined. In spite of this high similarity of 
nuclear matrix protein composition, 14 matrix proteins were identified as 
consistently present or absent when comparing normal prostate, benign 
prostate hyperplasia and prostate cancer. The distribution of these 14 
proteins is outlined in the following table. 
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P rote in (s) present in: Number of variable 
proteins 
normal prostate only 3 
normal prostate and benign prostate hyperplasia 7 
benign prostate hyperplasia and prostate cancer 3 
prostate cancer only 1 
A protein of molecular weight 56kDa, pi 6.85 was found to appear in all 
human prostate cancer specimens studied but not detected in any normal 
or benign prostate hyperplasia, and three matrix proteins appeared only 
in normal prostate. Moreover, there are no nuclear matrix proteins that 
are present only in benign prostate hyperplasia but are absent in normal 
and cancer prostate. Similarly, there are no nuclear matrix proteins that 
are present in both normal prostate and prostate cancer but absent in 
benign prostate hyperplasia. These results suggested that the early 
events of progression from either normal prostate to benign hyperplasia or 
normal to prostate cancer are similar. When cell transformation is 
initiated, several nuclear matrix proteins may stop to be expressed while 
novel proteins appear. As the transformation proceeds, changes in matrix 
proteins continue until the cancerous stage is reached. Therefore, the 
nuclear matrix may be an important biomarker in the pathogenesis of 
cancer. Other human cancer, including breast cancer (Khanuja et al. 
1993) and colon cancer (Keesee et al. 1994) had also been investigated 
and the same findings were reported: Most of the nuclear matrix proteins 
17 
were identical between normal and cancer cells except a few proteins that 
could only be found in normal or cancer cells. 
The nuclear matrix proteins are also differentiation dependent. 
Stuurman et al. (1989) prepared nuclear matrices from a variety of P19 
embryonal carcinoma cell lines differentiated in vitro or induced to 
differentiate with retinoic acid. Analysis of the nuclear matrix proteins 
showed large differences in the protein composition from undifferentiated 
and differentiated derivatives of the P19 embryonal carcinoma lines. 
Moreover, during the process of retinoic acid induced differentiation of 
P19 cell lines, marked changes in nuclear matrix composition were 
observed. A subsequent study by Dworetzky et al. in 1990 showed that 
the composition of nuclear matrix fractions altered during osteoblast 
differentiation, and that the dramatic changes in the protein pattern 
coincide with modification in cell growth and tissue specific gene 
expression. These results suggest a functional role of nuclear matrix in 
mediating the gene expression during cell differentiation. 
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1.4 Nuclear matrix function 
After the discovery of nuclear matrix and its important role in the 
initiation and replication of DNA as reported by Berezney and Coffey 
(1975), the functional roles of nuclear matrix were investigated. It was 
found that nuclear matrix is involved in several nuclear activities, such as 
transcription and RNA processing, DNA organization and replication. It 
also appears to be a significant intranuclear site for steroid hormone 
receptor interactions. 
1.4.1 DNA replication takes place at the nuclear matrix 
Since the discovery of the association of newly synthesized DNA 
with nuclear matrix, many studies have demonstrated that nascent DNA 
was mainly bound to nuclear matrix and resistant to DNase digestion by 
using pulse label method (Berezney and Coffey 1976, Berezney and 
Buchholtz 1981 Vaughn et al 1990 Neri et al. 1992 Hozak et al. 
1993,1994). Moreover, replication complexes were also found over nuclear 
matrix during DNA replication. When comparing regenerating liver to its 
normal counterpart, a significant portion of DNA polymerase a, a 
replicative enzyme in eukaryotic cells, was found to bind to nuclear 
matrices in actively replicated regenerating liver while normal liver 
nuclear matrices were devoid of a activity (Smith and Berezney 1980). 
Another enzyme required for DNA replication, primase, has also been 
shown to be located on the nuclear matrix (Wood and Collins 1986). The 
primase, which is required during replication for primer formation using 
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the lagging strand as template, was located predominantly at the nuclear 
matrix and existed in a bound form. 
A number of studies have shown that longer pulse and chase 
labelling resulted in more of the label bein^ removed early by DNase I 
degradation (Berezney and Coffey 1976 Wanka et al. 1977 Berezney and 
Buchholtz 1981). These findings suggested that replicated DNA was no 
longer associated with the matrix. In addition, using two- dimensional 
agarose gel electrophoresis, Vaughn et al. in 1990 demonstrated that DNA 
was associated with nuclear matrix close to replication forks in situ. They 
proposed that every DNA sequence in the genome will be associated 
transiently with the matrix at some time during the S period of cell cycle, 
during which DNA replication takes place. More direct evidence for 
transient association between nascent DNA and nuclear matrix was 
obtained through short and long time label of DNA and visualization 
through electron microscopy (Hozak et al. 1993). In these experiments, 
the sites of replication in cultured cells were visualized by first 
permeabilizing and incubating the cells with biotin-11-dUTP, and then 
the incorporation sites were immunolabelled. About 150 focal sites of 
DNA synthesis were seen under the light microscope in each nucleus. 
Moreover, double labelling showed that these sites of incorporation also 
contained DNA polymerase a and PCNA (proliferating cell nuclear 
antigen). Electron microscopic observation of sections from which about 
90% of chromatin had been removed revealed a similar number of specific 
dense structures, called replication factories, attached to a diffuse 
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nucleoskeleton. After 2.5 min of incubation of cells with biotin-ll-dUTP, 
the incorporated analog was associated only with the dense structures. 
After 5 min, it began to be extruded from factories and spread into the 
adjacent chromatin, which became extensively labelled after 1 hr. These 
results indicated that replication occurred at fixed sites on the nuclear 
matrix, with DNA being "reeled” through the replication sites (Jong et al. 
1990, Fey et al. 1991). 
1.4.2 Transcription and RNA processing occur at the nuclear 
matrix 
The nuclear matrix is the site of mHNA transcription and it has 
also been suggested that transcription occurs as DNA passes through a 
transcription complex fixed to the nuclear matrix. It has been 
demonstrated that newly transcribed RNA sequences were closely 
associated with nuclear matrix (Jackson et al. 1981) and only the 
transcribed genes are associated with the matrix while nontranscribed 
sequences are not bound (Ciejek et al. 1983). 
Beside transcription, RNA processing is also in close association 
with the nuclear matrix. Lawrence et al. 1989 revealed a striking 
localization of specific viral transcripts within nuclei of lymphoma cells 
latently infected with EB virus. These transcripts were tightly localized to 
well-defined foci instead of being diffused freely. The fact that further 
extraction of the cells for nuclear matrix still resulted in the tight 
restriction of native RNA to the localized foci (Xing and Lawrence 1991) 
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showed that the primary transcripts are still bound to nuclear matrix and 
not released to the nucleoplasm. Smith et al. (1989) produced an antibody 
to a HeLa cell nuclear matrix protein of molecular weight 65.5kDa (IGA-
65) which inhibits in vitro splicing of an adenovirus precursor RNA. 
Another three antibodies against three different human nuclear matrix 
proteins were characterized by Blencowe et al. (1994). All three 
antibodies recognize antigens that are located in the subnuclear structure 
in which RNA splicing occurs, and they efficiently immunoprecipitate the 
exon product complex but not complexes containing the lariat product. 
Moreover, two of the antibodies completely inhibit pre-mRNA splicing in 
vitro. Based on these observations, it has been suggested that the nuclear 
matrix may provide a solid support on which both RNA splicing and 
transport takes place. 
Schroder et al. (1987) examined the release of mature ovalbumin 
mRNA from the nuclear matrix. They found that the release of mature 
mRNA from the nuclear matrix was facilitated in the presence of ATP, 
ADP, AMP plus pyrophosphate, or ATP analogs. However, the process did 
not require hydrolysis of high energy p,y-phosphodiester bonds. Moreover, 
poly (A), ethidium bromide, or 1,10-phenanthroline caused the non-specific 
release of pre-mature and mature mRNA. Thus the authors hypothesized 
that mRNA release may be due to a conformational change in the nuclear 
matrix and that the nucleoplasmic RNA transport is not only regulated at 
the level of exit through nuclear pores but at the level of release from the 
nuclear matrix. 
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1.4.3 Genomic DNA is attached to the nuclear matrix in a loop 
form 
The looped model of chromatin organization proposes that the DNA 
helix is wound twice around the histone octamers that form the lOnm 
nucleosomes and these nucleosomes form the beads-on-a-string fiber. The 
nucleosomes are then coiled into a 30nm filament. The next level of 
organization is through the binding of nonhistone proteins, which are now 
identified as nuclear matrix proteins, that bind genomic DNA at dispersed 
sites and fold the chromatin fiber into individual looped domains 
(Marsden and Laemmli 1979 Pienta and Coffey 1985). The pioneering 
work in identifying DNA fragments that interact with the nuclear matrix 
was done by Laemmli's group (Mirkovitch et al. 1984). They identified a 
family of specific DNA attachment sites on the nuclear scaffold and these 
DNA fragments were resistant to restriction enzyme digestion and salt 
extraction. These DNA fragments are termed matrix attachment regions 
(MARs) and also called scaffold attachment regions (SARs) by some 
authors. 
MARs have been discovered and characterized for a diverse array of 
genes from a variety of sources including Drosophila (Mirkovitch et al. 
1984), mouse (Cockerill 1990), chicken (Kalandadze et al. 1990 Razin et 
al. 1991) and human (Jarman and Higgs 1988). The MAEs discovered 
have several interesting features in common and their characteristics 
were summarized (Gasser et al. 1989 Fey et al. 1991 Boulikas 1993a). 
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MARs sequence analyses have shown that virtually all of them contain 
AT-rich stretches of over 200 bp., and that these stretches are enriched in 
sequences that are highly related to the topoisomerase II binding and 
cleavage site. Many of the MARs coincide with transcriptional enhancers 
or display enhancer activity, and they are also situated at close proximity 
to or coincide with the origins of replication. In addition, MAE sequences 
fall in proximal and distal sites flanking the 5 and 3 ends of genes and 
most of them are the untranscribed portions of genes. On average there 
are about 5,000 MARs per human chromosome and they are evenly 
spaced. The evolutionary conservation of MAEs, their high copy number, 
distribution within the genome and the association with the cis-acting 
regulatory elements suggest that MARs play a central and crucial role in 
the proper regulation of gene activities. In fact, MARs can be classified 
into two types: the permanent and functional MARs (Fey et al. 1991 
Boulikas 1993b). The permanent MAEs are attached to nuclear matrix in 
all cell types at all times of embryonic development and stages of cell cycle 
irrespective of the transcriptional state of gene. This type of attachment 
regions contain the origin of replications, topoisomerase II binding sites 
and mark the border of an entire gene domain. For the functional MARs, 
they appear temporarily and are related to transcription and a particular 
stage of development. Many of the MARs are either adjacent to or 
coincident with tissue-specific enhancers and some are transiently 
attached to nuclear matrix and therefore can play a modulatory role in 
gene expression (Fey et al. 1991 Boulikas 1993b). 
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Comparison of the chromosomal topography of human lymphocytes, 
amniotic fluid cells, fibroblasts and human cerebral and cerebellar 
samples by Emmerich et al. in 1989 demonstrated that the topological 
DNA organization is cell type specific. Getzenberg thus suggested that 
differences in this organization can occur with the same genomic sequence 
and are dictated in part by DNA (may be MAR) interactions with a tissue 
specific nuclear matrix (Getzenberg 1994). Therefore nuclear matrix is 
involved in both topological organization of DNA and the functional 
aspects which coincide with this organization. 
The study of the functional roles of nuclear matrix suggests that 
every gene activity inside the nucleus is well organized into a loop domain 
and takes place on the nuclear matrix. The presence of a structural 
skeleton inside the nucleus was once challenged as an artifact produced 
after nucleus extraction under drastic conditions. However, with the 
increase in the studies of its structural organization, protein compositions 
and especially the associating nuclear functions using various methods, it 
is now generally accepted that the nuclear matrix does exist and play a 
very important role in various cellular activities. 
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2 EM Study of Embeddment-Free Sections using DGD 
In conventional TEM preparations, specimens are usually 
infiltrated with and embedded in resin. Thin sections (about 60nm) are 
cut and stained with heavy-metals. The thin section is most effectively 
stained at its surface and is thus essentially a two-dimensional slice of 
three-dimensional objects. The images formed are therefore excellent for 
visualizing many biological structures but are not appropriate for 
examining three-dimensional networks of protein filaments such as those 
constituting the cytoskeletal framework and nuclear matrix. In order to 
permit visualization of thicker sections displaying three-dimensional 
images of the specimens, a new method of preparing resinless sections for 
transmission electron microscopy was developed (Capco et al. 1984). In 
this case, a synthetic wax, diethylene glycol distearate (DGD), was used to 
embed the specimen and after sectioning, the wax was removed by 
dissolving in organic solvent. Since the sections when view under TEM 
contain no embedding medium, they are now commonly called 
embeddment-free sections. 
DGD is a synthetic wax with the formula [CH3(CH2)i6C02CH2]20. 
It has a melting point of 47°C to 52°C and can be melted conveniently at 
60°C. DGD was first used as an embedding medium for light microscopy 
(Salazar 1964, Taleporos 1974). It has several advantages over paraffin. 
Thin sections (less than ljiim thick) of high quality can be cut with little or 
no compression and no cooling devices are necessary for trimming and 
sectioning at room temperature. The hard and brittle nature of DGD 
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together with other properties, such as DGD sections produce a series of 
interference colours on water and that the wax can be easily removed, 
render it a suitable embedding medium for electron microscopy. 
The embeddment-free sections are now commonly adopted for 
nuclear matrix and other filament network studies. This technique 
produces sharp and high contrast images and permits visualization of 
thicker sections under TEM since the electron beam can penetrate better 
in the absence of embedding medium. As a result, many three 
dimensional aspects of the specimen can be displayed and this may 
further facilitate the 3D reconstruction of the object of interest. 
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3 Cervical Carcinoma 
3.1 Human cervix 
The cervix constitutes the lower third of the uterus and consists of 
two parts: endocervix and ectocervix. The vagina is connected to the 
uterine cavity via the endocervical canal, which is lined by a single layer 
of columnar epithelial cells. The external aspect of the cervix (ectocervix) 
that bulges into the lumen of the vagina is covered by stratified squamous 
epithelium. The transition between the stratified ectocervical epithelium 
and the simple endocervical epithelium is at the squamocolumnar junction 
and the dividing line is quite sharp. This transitional zone is a region of 
cellular instability and at certain critical physiological periods such as at 
pregnancy, the cells of the junctional epithelium undergo a process 
described as squamous metaplasia, in which the simple epithelium of the 
endocervix is replaces by squamous epithelium (Stanley and Greenfield 
1992 Govan et al, 1993). 
The squamous epithelium can be seen histologically to consist of 
five zones of cells. Zone 1 consists of the basal epithelial layer with 
relatively small cells containing large nuclei. Zone 2 includes several 
layers of polyhedral cells with prominent nuclei and distinct intercellular 
bridges. These cell layers are called the prickle cell layer. The 
intermediate layer (zone 3) consists of slightly flattened cells with a 
glycogen-rich cytoplasm and frequent vacuolation. Zone 4 is a layer of 
variable thickness that consists of closely packed polyhedral cells and zone 
5 (superficial layer) consists of large elongated flattened cells that contain 
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small and dense nuclei. Mitotic activity in the normal cervix is confined to 
the basal layer and the first and second layers of prickle cells. For cells 
above the prickle cell layer, mitotic figures are rarely observed (Stanley 
and Greenfield 1992). 
3.2 Cervical carcinoma 
It is generally accepted that the majority of invasive carcinomas 
arise from a focus of intraepithelial neoplasia that may have been present 
with the cervix for many years (Stanley and Greenfield 1992, Govan et al. 
1993). Intraepithelial neoplasia of the cervix consists of two categories, 
squamous and glandular. The squamous intraepithelial neoplasias have 
been studied extensively. However, because of less accessible to study, the 
glandular lesions have not been studied as extensively. The lack of 
nomenclature reflects the lesser insight into the relationship of glandular 
lesions to the development of invasive disease (Benda 1994). 
Cervical intraepithelial neoplasia (CIN) is the term used to 
described a spectrum of squamous cervical intraepithelial abnormalities 
with varying malignant potential. The hallmark of the CIN is the 
proliferation of atypical cells. Mitoses are increased, the epithelial 
architecture is disturbed with loss of polarity of the cells. Stratification 
may completely disappear and the whole thickness of epithelium being 
composed of uniform population of atypical cells. According to the degree 
of cellular atypia and disturbance of epithelial architecture, several 
grades of CIN can be recognized. In CIN grade 1 the cells in the upper 
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and middle third of the epithelium undergo differentiation. In CIN2, cells 
with an undifferentiated phenotype extend beyond to the lower third but 
not into the upper third of the epithelium. Moreover, the mitotic figures 
are present in the lower two thirds. In CIN3, undifferentiated 
nonstratified cells occupy more than two thirds and usually the full 
thickness of the epithelium (Burghardt 1991 Stanley and Greenfield 
1992). 
For the CIN, the abnormal cells remain intraepithelial and invasion 
occurs only when there is breaching of the basement membrane and 
movement of abnormal cells into the underlying stroma. According to the 
extend of spread, the cervical carcinoma can be allocated to different 
stages (Govan et al. 1993). 
Stage 0 CIN 3. 
Stage la Micro-invasive carcinoma not extending more 
than 3mm beyond the basement membrane and 
not invading capillary or lymphatic channels. 
Stage lb The growth is confined to the cervix and uterus. 
Stage Ha Extension to the vagina not beyond the upper 
two thirds. 
Stage lib Extension into the parametrium but not as far 
as the pelvic walls. 
Stage III Extension to lower third of vagina or to pelvic 
wall. 
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Stage IV Extension through vaginal into bladder or 
outside pelvis. 
3.3 Epidemiology of cervical carcinoma 
Cervical carcinoma is the fifth most common cancer worldwide and 
is second to breast cancer as the leading cause of cancer related deaths in 
women (Vousden 1989). Although cervical cancer rates are highest in 
developing countries, recent studies have indicated that the rate is now 
also increasing among young women in the western world (Booth and 
Berai 1989). 
Numerous studies of the epidemiology of cervical cancer have 
shown strong associations with demographic patterns, religious and 
sexual behaviours (Brinton 1992). It is well recognized that cervical 
cancer occurs disproportionately in women of the lower social classes and 
this may due to the social determinants of sexual behaviour. Low cervical 
cancer risks have been recorded among Catholic nuns, the Amish, 
Mormons and Jews. On the other hand, the risk of cervical cancer is 
especially high among women with multiple partners and early ages at 
first intercourse. Furthermore, the role of the male in the etiology of 
cervical cancer has been examined and found that the husbands of 
cervical cancer patients have more sexual partners than husbands of 
healthy women. Besides, cigarette smoking and dietary factors may also 
affect the onset of cervical cancer (Brinton 1992). 
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These epidemiological studies indicate that the principal risk 
factors for cervical cancer are early onset of sexual activity, multiple 
partners and also the prolonged or repeated exposure to a partner. It 
means that there requires the opportunity for one or more agents to be 
sexually transmitted and that long-term exposure to that agents 
encourages promotion through precancer to invasion disease. Human 
papillomavirus (HPV) is an excellent candidate as the causative agent in 
cervical neoplasia because it is sexually transmitted. Moreover, it causes 
infection of lower genital tract and its occurrences are frequently seen in 
association with pre-invasive neoplasia (Kitchener 1988). 
3.4 HPV and cervical cancer 
Papillomaviruses (PVs) are small DNA viruses that originally were 
classified with polyoma and SV40 as papovaviruses (Eckhart 1989), but 
are now considered to represent a distinct class of their own (Vousden 
1989). The 55-nm viral capsid encloses a circular double-stranded DNA 
genome of approximately 8kb. PVs normally infect only their natural host 
and, in the vast majority of cases, give rise to benign cell proliferation. On 
the basis of different in DNA sequences, 62 human PV (HPV) types have 
been described in 1989 (Vousden 1989). HPVs infect only epithelial 
tissues and many of which infect the genital tract. The genital HPV types 
can be broadly classified either as those associated with benign or 
regressing lesions (e.g. HPV-6, HPV-11), or those strongly associated with 
the development of carcinoma (e.g. HPV-16, HPV-18) (Kitchener 1988 
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Vousden 1989). The identification of viral genome and subgenomic 
sequences in biopsies of Chinese patients showed that HPV-11 existed 
mainly in benign lesions. However, the rate of detection of HPV-16 
increased from 8.3% in normal cervical epithelium to 20% in chronic 
cervicitis, 28% in cervical condyloma, 50% in CIN and 60.4% in cervical 
cancer (Si et al. 1991). Moreover, early prospective studies on patients 
with cervical condyloma or CIN I showed an increased risk for progression 
in the presence of HPV-16 or 18 (Hatch 1994). Therefore, it is suggested 
that HPV-16 or 18 infection may be an etiological factor in the 
development of human cervical carcinoma. 
The genomic organization of HPV-16 is illustrated in the following 
map which depicts the episomal form of HPV-16 and shows the major 
open reading frames E1-E7, LI and L2, and the upstream regulatory 
region (UUR) in which the main cis-acting transcription and replication 
controls are located (extracted from Vousden 1989). 
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The HPV DNA sequences have been identified that code for viral proteins. 
These proteins are designated early (E) if they are expressed early in viral 
replication and late (L) when expressed late. E2 is a regulatory protein 
and when expressed, suppresses the E6 E7 proteins. As long as the virus 
maintains its circular configuration, the E6 E7 proteins are suppressed by 
E2. However when the virus is integrated into host DNA, E2 is disrupted 
and E6 and E7 are expressed (Hatch 1994). This integration of HPV-16 
DNA into host cell DNA appears to be necessary for malignant growth. In 
fact, the physical state of HPV 16 DNA in genital tumours was analysed 
(Durst et al. 1985 Lehn et al. 1988 Si et al. 1991). In the benign tumours, 
the viral DNA was detected exclusively as 8Kb circles. However, in 
malignant tumours, the viral DNA appeared to be integrated within the 
host genome (Durst et al. 1985). Moreover, Si et al. (1991) found that 
HPV-16 DNA was integrated into the genome of host cell in cases of 
cervical cancer, whereas the HPV-16 DNA sequence was only present as 
an episome in normal cervical epithelium and cervical benign lesions. 
These findings suggest that the E6 E7 genes may be the oncogenic genes 
of HPV-16 and play an important role in the carcinogenesis of the human 
• . 
cervical epithelial cell. 
It has been shown that the expression of HPV E6 and E7 open 
• 
reading frames is directly involved in growth regulation of cervical 
carcinoma cells (Doeberitzei al. 1988). They are capable to transform and 
• 
immortalize primary cells in culture (Bedell et al. 1989, Watanabe et al. 
• - I 1989). Furthermore, the oncoproteins, E6 and E7 can bind to two tumour 
I 
3 4 
suppressor genes, p53 and Rb respectively and thus inactivating their 
function (Demers et al. 1994). Since both p53 and Rb proteins maintain 
normal cell growth, reacted with the oncoproteins will release the cells 
from normal growth control and resulted in uncontrolled cell growth. 
1 I I 
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4 Ovarian Carcinoma 
4.1 Human ovaries 
The ovary is generally divided into cortical zone and a medulla. 
The ovarian surface is covered with a simple cuboidal epithelium, 
germinal epithelium, that becomes somewhat flatter in older women. The 
layer of cortex immediately beneath the epithelium has a high proportion 
of intercellular substance and its fibre bundles and cells are arranged 
more or less parallel to the surface. This fibrous layer, called the tunica 
albuginea, encapsulates the flattened, oval ovary and it becomes 
increasingly fibrous with age. The cortical zone contains stroma, ova and 
those bodies that formed after the discharge or degeneration of the ovum 
(e.g. corpora lutea, corpora albicantia). The stroma is composed of 
spindle-shaped, fibroblastlike cells, between which are numerous fine 
collagen fibres. The medulla is small compared to the cortex, and its 
connective tissue is loosely arranged. It differs further in that it contains 
more elastic fibres, some smooth muscle cells, spiral arteries and many 
convoluted veins (Cormack 1987 Wheater et al 1987 Barber 1993). 
Each ovary develops from a ridge known as a gonadal ridge that 
bulges into the coelomic cavity. The surface mesodermal cells of the ridge 
give rise to the covering epithelium of the ovary, and cords of cells similar 
to the covering cells appear among the stromal cells. Primordial germ 
cells developing from yolk sac en do derm migrate into the cortex and 
become closely associated with these epithelial cords, the cells of which 
I 
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4.2 Epithelial ovarian cancer 
The epithelial neoplasms constitute 60% of all primary tumours of 
the ovary and 90% of those that are malignant. The vast majority are 
though to originate from undifferentiated cells in the surface, or serosa, 
covering epithelium of the ovary, either arising directly from that 
epithelium or from epithelial fragments which have become sequestrated 
into the ovarian cortex to from the so-called germinal inclusion cysts (Fox 
and Buckley 1991). Therefore, the epithelial ovarian tumours have often 
been referred to as epithelial-stromal tumours since there are 
invaginations of the germinal epithelium into the ovarian stroma during 
adult life. These invaginations represent the earliest developmental stage 
of the simple serous tumours of the ovary. They may also play a part in 
the development of the other common epithelial ovarian tumours. These 
epithelial tumours are thought to arise consequent to penetration of the 
surface epithelium into the underlying stroma to form inclusion glands of 
cysts (Barber 1993). It is believed that undifferentiated cells in the 
ovarian serosa retain a latent capacity to differentiate along the same 
tissue pathways as do embryonic cells and hence a neoplasm derived from 
these cells can differentiate along various Miillerian pathways. These 
epithelial tumours are classified according the variety of epithelial 
patterns which are met with (Fox and Buckley 1991 Govan et al. 1993): 
1. Serous tumours (cf. tubal epithelium) 
2. Mucinous tumours (cf. cervical epithelium) 
3. Endometriod tumours (cf. endometrium) 
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4. Clear cell tumours 
5. Brenner tumours 
The various malignant forms of the epithelial tumours of the ovary 
are usually grouped together as ovarian adenocarcinoma. Ovarian cancer 
spreads via local shedding into the peritoneal cavity followed by 
implantation on the peritoneum, via local invasion of bowel and bladder, 
or via the lymphatics. Stages of the ovarian carcinoma are defined as 
followed (Shepherd 1989 Young et al 1993): 
Stage I 5-year survival rate: up to 90%. 
Growth limited to the ovaries. 
Stage II 5-year survival rate: up to 70%. 
Growth involving one or both ovaries with pelvic 
extension. 
Stage III 5-year survival rate: 25%. 
Tumour involving one or both, ovaries with 
peritoneal implants outside the pelvis and / or 
positive retroperitoneal or inguinal nodes. 
Superficial liver metastasis equals stage III. 
Tumour is limited to the true pelvis but with 
histologically verified malignant extension to 
small bowel or omentum. 




Growth involving one or both ovaries with 
distant metastasis. Parenchymal liver 
metastasis equals stage IV. 
4.3 Epidemiology and etiology of ovarian cancer 
Epithelial carcinoma of the ovary is of the most common 
gynaecologic malignancies and the fourth most frequent cause of cancer 
death in women. Approximately 20,000 women are diagnosed with 
ovarian cancer in the United States each year, and some 12,000 women 
die because of it. Epithelial ovarian cancer is uncommon before age 40 
years, after which incidence rates rise steeply until age 70-79 (Whittemore 
1994). The highest risk appears in women with two or more first-degree 
relatives with ovarian cancer. The risk is somewhat less for women with 
one first-degree and one second-degree relative with ovarian cancer. In 
addition, increasing number of pregnancies, increasing length of oral 
contraceptive use, and increasing duration of lactation are protective 
(Whittemore 1994). 
The reduced ovarian cancer risk associated with pregnancy and oral 
contraceptive use appears to reflect a direct beneficial effect of 
concomitant hormonal or other biological changes. Two hypotheses have 
been proposed to explain the reduced risks associated with pregnancy and 
oral contraceptive use. The first states that some effects of ovulation 
increase the likelihood of malignancy, and that pregnancies and oral 
contraceptives protect by suppressing ovulation. The second hypothesis 
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states that circulating levels of pituitary gonadotropins increase the risk 
of malignancy, and that pregnancies and oral contraceptives protect by 
suppressing secretion of these hormones (Whittemore 1994). Although 
the decrease in ovulation and circulating pituitary gonadotropins seem to 
have a protective effect, the molecular mechanisms by which they lead to 
ovarian cancer remain unclear (Berchuck and Bast 1993). 
Familial ovarian cancer accounts for between 1.5% and 5% of all 
ovarian cancer patients. Therefore, genetic components have been 
recognized as influential in the risk of ovarian cancer. A recent analysis 
of genetic linkage data from throughout the world suggests that some 70-
100% of families with excesses of both breast and ovarian cancer are due 
to mutated alleles of the gene BRCAl located on chromosome 17q (Easton 
et al. 1993). This gene is inherited in dominant Mendelian fashion. 
Although BRCAl gene is found related to ovarian cancer and/or breast 
cancer, little is known about genes responsible for risk in families with 
substantial excesses of ovarian cancer but little or no breast cancer. The 




Materials and Methods 
1 Chemicals and Reagents 
All the media, solutions and buffers (together with the chemical 
companies) used in the following experiments are listed under 
"Appendix". 
2 Cell Lines and Biopsies 
2.1 Cervical carcinoma cell lines 
Two cervical carcinoma cell lines, designated as CC2/CUHK2 and 
CC3/CUHK3, were established from squamous carcinoma of the uterine 
cervix from two Chinese patients (Chew et al. 1990, Ho et al. 1992). The 
CC2/CUHK2, abbreviated as CC2, was derived from a woman with 
moderately differentiated squamous carcinoma while CC3/CUHK3, 
abbreviated as CC3, was from a patient with well differentiated squamous 
carcinoma. 
The CC2 cell line was cultured in RPMI 1640 supplemented with 
15% fetal bovine serum (FBS), lOOIU/ml penicillin and lOOjug/ml 
streptomycin. The culture was incubated at 37°C in an atmosphere of 5% 
carbon dioxide in air. The CC3 cells were maintained in the same 
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conditions as CC2 cells except that the medium was supplemented with 
10% FBS. 
Both cell lines had been well characterized and their growth 
patterns were found different. It was unlikely for CC3 cells to form 
colonies in flask and CC3 grew faster than CC2. The population doubling 
time of CC2 was 72 hours while that for CC3 was 42 hours. 
2.2 Normal cervical cells 
Normal cervical epithelia were obtained from human biopsies 
provided by the Department of Obstetrics and Gynaecology, The Chinese 
University of Hong Kong. All the normal cervical tissues showed no 
malignancy on histological examination. Moreover cytological 
examination prior to surgery also showed no evidence of malignancy. The 
specimen when collected from the hospital operating theater was kept in 
Transporting Medium (RPMI 1640 plus 25mM HEPES) and was either 
stored in liquid nitrogen in freezing medium or the specimen was cut into 
small pieces for primary culture. 
For primary explant culture, the specimen in Transporting Medium 
was then rinsed in RPMI 1640 supplemented with 200IU/ml penicillin 
and 200 g/ml streptomycin. While immersed in the same medium, the 
stroma with muscle of the cervix was separated from the epithelium and 
discarded. Usually a thin stromal layer of about 1 mm thick remained 
attached to the epithelium. The sheet of cervical epithelium was then cut 
into small pieces around 2mm3. 
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The tissue cubes were transferred to culture dishes with the 
epithelial layer facing down. Five to six explants were arranged in one 
60mm diameter culture dish (FALCON 3002) so that they were evenly 
spaced. 1.5ml RPMI 1640 supplemented with 5% FBS, lOOIU/ml 
penicillin and 100gg/ml streptomycin was added to each dish and then 
incubated at 37°C in an atmosphere of 5% CO2 in air. After three days, 
cells started to grow out from the explants. 
Transferring of the explants was attempted when the cells had 
grown and migrated out of the explants for 0.5cm, which usually took 
about 10 days. The explants were transferred to new 60mm culture 
dishes which contained 1.5ml medium and cultured in the same condition 
as stated above. The cells which remained on the dishes consisted of 
epithelial-like cells and fibroblasts. After scraping away the fibroblasts 
under an inverted microscope, the epithelial cells were collected. 
2.3 Ovarian cell lines 
Four ovarian cell lines, designated as OVCA429, OVCA432, SKOV3 
and DOV13, were established from ovarian carcinoma (Karlan et aZ.1988). 
Two HOSE cell lines, HOSE6-3 and HOSE 12 were raised from 
primary human ovarian superficial epithelial cell cultures which were 
immortalized by infection with HPV E6E7 ORF (Tsao et al 1995). 
All six ovarian cell lines were cultured in medium M199 and 
MCDB105 in a 1:1 ratio and supplemented with 10% FBS, lOOIU/ml 
43 
penicillin and lOOjug/ml streptomycin. The cells were grown at 37°C in an 
atmosphere of 5% carbon dioxide in air. 
2.4 Maintenance of cell lines 
When the culture became confluent, subculture was carried out by 
first washing with Hank's Balanced Salt Solution (Sigma). Then 3ml 
0.05% type III trypsin was added and incubated for 5 minutes at 37 C. 
Trypsinization was stopped by the addition of an equal volume of medium. 
The cell suspension was centrifuged at 250g for three minutes, then 
resuspended in fresh culture medium and seeded onto new culture dishes. 
2.5 Storage of cell lines 
For storage, the confluent culture was trypsinized and centrifuged 
as described above. The pellets were then resuspended in lml freezing 
medium and kept frozen in liquid nitrogen for future use. 
2.6 On grid culture 
The 0.25% formvar (Electron Microscopy Sciences) coated nickel 
grids (Polysciences) were placed in culture dish and rinsed with sterile 
double distilled water. The grids were then air dried and sterilized by UV 




CC2 and CC3 cells were seeded onto autoclaved glass cover slips or 
formvar coated nickel grids and grown till 90% confluent. Normal cervix 
explants were placed on autoclaved glass coverslips with epithelial layer 
facing down. Primary cultured cells were allowed to migrate out of the 
explants for 0.5cm. Monolayer of cells grown on glass coverslips or grids 
were extracted for nuclear matrix. The extracted cells were then washed 
in PBS and fixed with -20°C acid alcohol (methanol:acetic acid 3:1) for 8 
min at room temperature. After rinsed with PBS for three times, the cells 
were added to an excess of blocking solution containing 5% normal sheep 
serum and blocked for 30 min at room temperature. Primary antibodies 
(anti-cytokeratin No. 1-8 Boehringer; anti-vimentin, Serotec), diluted in 
blocking solution were used to stain the cells for one hour at room 
temperature. Blocking solution without primary antibody was used as 
control. Cells on coverslips were washed in PBS for three times with 10 
min each and then secondary antibody conjugated with FITC (Anti-
mouse-Ig-FITC-labeled from sheep, Boehringer) was added for another 
one hour at room temperature. After PBS wash, cells were observed 
under a Zeiss fluorescence microscope. For cells on grids, the secondary 
antibody conjugated with gold (Anti-mouse IgG Gold, Peninsula) was 
added and observed under a transmission electron microscope. 
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4 Nuclei Isolation 
Cultured cells were harvested by trypsinization and centrifugation. 
The cell pellet was homogenized with 4 volumes of Solution A (see 
Appendix) and then centrifuged at 3000g for 10 min. The pellet after 
being resuspended and homogenized in 4 volumes of Solution B (see 
Appendix) was again centrifuged at 3000g for lOmin. The pellet was then 
resuspended in Solution C (see Appendix) and mixed well. The 
suspension was added carefully onto pure Solution C, which was already 
present in an ultra-centrifuged tube, without mixing. Ultra-
centrifugation at 76,000g (SW55Ti rotor, Becker) for 1 hr was carried out. 
The nuclei pellet was collected and washed with PBS. The isolated nuclei 
after resuspended in PBS were seeded onto 0.0125mg/ml poly-l-lysine 
(Sigma) treated formvar coated nickel grids. They were allowed to stand 
for 1 hr and then rinsed with PBS for three times. 
5 Nuclear Matrix Extraction 
For different studies, different conditions were adopted for nuclear 
matrix extraction, and the methods used were modified from Fey et al. 
(1984) and Fey and Penman (1988). 
5.1 Morphological studies 
Cervical carcinoma cells and ovarian cells ^rown on culture dishes 
were harvested by trypsinization. Cells collected were resuspended in 
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cytoskeleton buffer (CSK) containing 4mM ribonucleoside vanadyl 
complexes (RVC, Sigma) and incubated for 15 min at 4°C. The cells were 
then centrifuged at 250g for 3 min. Cell pellets obtained were 
resuspended in reticulocyte standard buffer (RSB) with 2mM RVC for 10 
min at 4°C. After centrifugation as above, the pellets were resuspended in 
digestion buffer (DB) with 2mM RVC and containing 100^g/ml DNase I 
(Sigma). Enzyme digestion was carried out for 20 min at room 
temperature and terminated by addition of cold ammonium sulphate 
(Sigma) to a final concentration of 0.25M. The mixtures were allowed to 
stand for 3 min and the remaining cell structures were pelleted at 520g for 
5 min. The cell pellets were then processed for electron microscopy. 
All culture cell lines including two cervical carcinoma cell lines and 
six ovarian cell lines were used in these studies. 
5.2 Whole mount preparation 
Cells grown on formvar coated nickel grids or nuclei adhered on the 
grids were extracted using in situ extraction method. The cells / nuclei on 
grids were immersed in the series of extraction buffers outlined above. 
After extraction, the residual structures were fixed and processed for 
electron microscopy. 
All cultured cells (including two cervical carcinoma cell lines, 
normal cervical primary cells and six ovarian cell lines) and isolated 
nuclei were used in these preparation. 
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5.3 Nuclear matrix stability analysis 
The CC2 and CC3 cells collected by trypsinization and normal 
cervix epithelial cells obtained by scraping the epithelium from the 
normal cervix biopsy were extracted according to the steps and conditions 
stated for morphological studies except that RVC was omitted. Moreover, 
different DNase I concentrations (25^g/ml, 50^ig/ml, lOOjug/ml and 
200 g/ml) were used for digestion. Cells were resuspended in a 
concentration of 107 cells per ml enzyme and digested for 15 min. After 
extraction, the pellets were fixed and processed for electron microscopy. 
For normal tissue blocks, in situ extraction method was adopted. 
After extraction and fixation, the tissue blocks were trimmed into small 
stripes and processed for electron microscopy. 
Two cervical carcinoma cell lines, normal cervix epithelial cells 
scraped from biopsies and normal cervix tissue blocks were used in these 
studies. 
5.4 Protein analysis 
Normal and cancer cells were extracted following the steps 
described in morphological studies except that RVC was omitted and 
100jLig/ml RNase A (Sigma) was included in DB for digestion. The cell 
pellets after extraction were dissolved in disassembly buffer and then 
dialysed against 1000 volume of assembly buffer at 4°C for 15 hr. The 
cutoff size of dialysis tubing (Sigma) was 12kDa. The dialysate was 
ultracentrifuged at 200 000g (SW55Ti rotor, Becker) for 90 min at 4°C. 
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After ultracentrifugation the pellets were composed of the intermediate 
filaments while the nuclear matrix proteins remained in the supernatant. 
An aliquot of the supernatant was used for protein assay and the rest was 
added to 5 volumes of absolute ethanol to precipitate the nuclear matrix 
protein. The precipitated proteins were dried and redissolved in 2D 
sample buffer for gel electrophoresis. 
Two cervical carcinoma cell lines, normal cervical primary culture 
cells, normal cervix epithelial cells and six ovarian cell lines were used. 
6 Transmission Electron Microscopy (TEM) 
The extracted cell pellets were fixed in 2.5% glutaraldehyde (SPI-
CHEM) in CSK buffer for 30 min at room temperature. The fixed 
structures were washed three times in PBS and postfixed with 1% OsC>4 
(SPI-CHEM) in PBS for 15 min at room temperature. After washing in 
PBS, the specimens were dehydrated through a series of increasing 
ethanol concentrations that ended with three changes of absolute ethanol. 
6.1 Spurr resin thin sections 
The dehydrated specimens were infiltrated with 1:1 mixture of 
absolute ethanol and Spurr resin for 1 hr and then with pure Spurr resin 
overnight at room temperature. The embedded medium were allowed to 
polymerize overnight at 70°C. Ultrathin sections of 60nm were cut by an 
ultracut (Reichert-Jung) and collected onto nickel grids. The grids were 
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dried and stained with 2% uranyl acetate in methanol and aqueous 
solution of lead citrate for 10 min each. The sections were examined with 
a transmission electron microscope (Hitachi H-7100FA) at 75kV. 
6.2 DGD thick sections 
For embeddment-free sections preparation, the method described by 
Capco et al. (1984) was followed. The dehydrated samples were immersed 
in n-butanol/ethanol mixtures at a ratio of 1:2 then 2:1 followed by three 
changes of 100% butanol for 15 min each. The samples were transferred 
to diethylene glycol distearate (DGD, Polysciences) through a series of 
DGD/butanol mixtures of 1:2 2:1 and finally 100% DGD for 1 hr each at 
60°C. The specimens, after a change of 100% DGD, were infiltrated at 
60°C overnight. The embedded samples were allowed to solidify at room 
temperature, and 0.2pm thick sections were cut with an ultracut 
(Reichert-Jung) and picked onto formvar coated grids. The DGD was then 
removed by immersing the grids in absolute butanol at room temperature 
overnight. The grids were returned to absolute ethanol and were Freon 
critical point dried. The sections were examined under the TEM. 
6.3 Whole mount preparation 
For whole mount preparation, extracted cells on grids were fixed 
and dehydrated as described above. The dehydrated samples were 
processed through critical point drying and examined under the TEM. 
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7 Scanning Electron Microscopy (SEM) 
Nuclei on grids after extracted for nuclear matrix were fixed in 
glutaraldehyde and 0s04, dehydrated and critical point dried as 
described. Before examined the nuclear matrix under a scanning electron 
microscope, the grids with specimens on it were carbon coated. 
8 Image Analysis 
The EM images were scanned through a HPIIcx scanner and 
analysed using "Bio-medical Image Processing Software provided by 
Department of Electronic Engineering, The Chinese University of Hong 
Kong. Nuclear matrix density was calculated as follow: 
Area occupied by internal nuclear matrix 
Nuclear matrix density -
Area of nucleus 
9 Two-Dimensional (2D) Gel Electrophoresis 
The O'Farrell method of two dimensional electrophoresis was 
followed (OTarrell 1975, OTarrell et al. 1977). Separation in the first 
dimension was performed by non-equilibrium pH gradient electrophoresis 
and the separation in the second dimension was by discontinuous 
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electrophoresis in the presence of the anionic detergent sodium dodecyl 
sulfate (SDS) according to Laemmli (Laemmli 1970). 
9.1 Non-Equilibrium pH Gradient Electrophoresis (NEPHGE) 
The first dimension of the 2D electrophoresis was carried out using 
Tube Gel Electrophoresis Unit (Hoefer GT1). 
First dimensional gel casting 
15cm glass tubes with 1.5 or 2mm internal diameter were cleaned 
and treated with 1% sigmacoat and allowed to dry. First dimensional gels 
were made in the glass tubing sealed at the bottom with Parafilm. The 
first dimension gel mixture was prepared and before adding the catalyst 
TEMED, the solution was degassed for one minute. Immediately after 
addition of TEMED, the solution was loaded into the tubes using a syringe 
with a long narrow gauge needle and filled to 11cm in length. The gels 
were overlaid with 8M urea and water and allowed to set for two hours. 
After gel polymerization, the overlay solution and Parafilm were removed. 
The tubes were then placed in the tube gel electrophoresis chamber. 
Sample loading and electrophoresis 
100p.g or 200p.g of nuclear matrix proteins dissolved in 2D sample 
buffer were loaded onto gels and then the tubes were filled with 0.01M 
phosphoric acid. The upper reservoir of the electrophoresis chamber was 
filled with 0.01M phosphoric acid and the lower reservoir was filled with 
0.02M sodium hydroxide. The gels were electrophoresed with cathode at 
the bottom and the anode on the top. The voltage applied was 1000V 
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during the first hour and then 500V for 4 hr making it a total of 3000Vhr 
for the whole process. 
Gel ejection and equilibration 
At the end of the run, the gels were removed from the tubes. This 
was done by connecting a syringe to the glass tube via a short pieces of 
rubber tubing. The gel was slowly forced out by applying pressure on the 
syringe. After extrusion, gels were transferred to SDS sample buffer and 
shaken at room temperature for 2 hr. After equilibration, they were then 
loaded on the second dimension gel or stored at -70°C. 
9.2 SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
The second dimension of 2D electrophoresis was carried out using 
Hoefer Gel Electrophoresis Unit (SE600). 
Slab gel casting 
To prepare a slab gel sandwich, two 70% ethanol cleaned 18 x 16cm 
glass plates were clamped together with two 1.5mm spacers in between. 
The plates, spacers and clamps were aligned carefully to ensure a seal. 
The sandwich was placed on casting cradle and was pressed tightly 
against a rubber gasket on the casting cradle to seal the bottom of the 
sandwich. The sandwich was then ready for gel casting. A 10% 
separating gel mixture was prepared and ammonium per sulfate and 
TEMED were added just before pouring the gel. The solution was 
pipetted into one corner of the sandwich until a height of 10cm was 
reached, and then a thin layer of water was added oil top of it. The gel 
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was allowed to polymerize for at least one hour. Just before the 
electrophoresis, a stacking gel was prepared. The water overlying the 
separating gel was removed by rinsing the top of the separating gel 
several times with double distilled water. After removal of residual liquid, 
the stacking gel was poured onto the separating gel to a level about 2mm 
from the top of the glass plates and let to set for one hour. On top of the 
stacking gel, a thin layer of water was again added to ensure a smooth gel 
front. 
Tube gel loading and electrophoresis 
Cylindrical gels after equilibration or thawed from -70°C were 
placed on pieces of Parafilm, straightened out and placed close and 
parallel to one edge of the Parafilm. The Parafilm was used to transfer 
the cylindrical gel quickly onto the stacking gel. Immediately after 
placing the first dimensional gel on the slab gel, molten 0.5% agarose in 
SDS sample buffer containing bromophenol blue was added on top of 
them. This would keep the cylindrical gel in place and avoid mixing as 
the protein zones migrate out of the cylinder into the slab. The agarose 
was allowed to solidify. 
When all were set, the gel sandwiches were released from the 
casting cradles and were attached to the slab gel electrophoresis 
chambers. Both the upper and lower buffer chambers were filled with 
SDS running buffer. Gels were run at 125mA constant current for about 4 
hr 30 min. Electrophoresis was stopped when the bromophenol blue dye 
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front reached the bottom of the slab gels. The gels were then fixed and 
silver stained. 
9.3 Polyacrylamide Gel Staining 
Gels were placed in Fix Solution 1 containing 40% ethanol and 10% 
acetic acid for 1 hr. The gels were then immersed in Fix Solution 2 
containing 0.5% glutaraldehyde and 30% ethanol overnight. After 
fixation, gels were washed 4 times in deionized water for 15 min each. 
The gels were stained in Silver Nitrate Solution for 30 min and before 
development, gels were washed with deionized water for 1 min. Developer 
Solution was added to the gels to reveal the spots and bands. 
Development was stopped by placing the gels in Stop Solution for 10 min. 
Gels were then placed in 2% glycerol and this allowed long term storage of 
gels without cracking. 
10 One Dimensional Gel Electrophoresis 
Proteins were resolved according to their molecular weight using 
BIORAD Mini-Protean II electrophoresis cell. Similar to the second 
dimension of 2D gel electrophoresis, discontinuous SDS-PAGE was 
employed. However, for the one dimensional gel electrophoresis, the 
proteins were run and analysed in miniature gels. 
55 
Nuclear matrix proteins dissolved in 2D sample buffer were added 
to an equal volume of 2X SDS sample buffer. The samples were boiled for 
4 min before loaded onto the gel for electrophoresis. 
As in 2D electrophoresis, a gel sandwich was assembled and 4.5ml 
of 10% separating gel was casted and allowed to polymerize. A stacking 
gel was then poured on top of it. Once after the stacking gel was poured, a 
ten-well comb was placed in the gel sandwich in the stacking gel solution. 
Care was taken to prevent air bubbles from trapping between the comb 
teeth and the gel. The stacking gel was allowed to polymerize for 30 to 45 
min. The comb was removed and the wells were completely rinsed with 
double distilled water. Sandwiches were then assembled to the 
electrophoresis chamber, and of protein samples and molecular weight 
markers (BIORAD) were loaded onto the wells. Both upper and lower 
buffer chambers were filled with SDS running buffer. Electrophoresis 
was carried out at 200V constant voltage for 45 min. Gels were then fixed 
and stained. 
Silver staining of proteins was accomplished by using Silver Stain 
Plus kits purchased from BIORAD or the gels were stained with 0.1% 
Coomassie blue R-250 (Sigma) in fixative (40% methanol, 10% acetic acid) 
for 1 hr, then destained with fixative only to remove background. 
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11 Lowry Protein Assay 
Bovine serum albumin (BSA) protein standards and protein 
samples were prepared in duplicate. The protein solutions were brought to 
a volume of 200 1 by distilled water and mixed with lml of Lowry 
Solution C. The mixtures were incubated at room temperature for 10 min. 
Then 50^1 of Folin-Ciocalteu's reagent (Sigma) was added and incubated 
for 30 min at room temperature (Lowry et aZ.1951). Absorbance at 750nm 
was read with a spectrophotometer. The amount of protein in the samples 
were determined with reference to a BSA standard curve (which plotted 




1 Nuclear Matrix of Cervical Cells 
1.1 Cell Culture 
1.1.1 Cervical carcinoma cell lines 
Phase contrast micrographs show that CC2 cells (Figure 1) and CC3 
cells (Figure 2) were polygonal and pleomorphic in size and shape. Round 
cells, which were undergoing mitosis, were often observed. CC2 cells 
usually grew as small colonies and these colonies expended as more cells 
were formed. CC3 cells grew faster than CC2 cells and the formation of 
colonies was not as obvious. Giant cells could be found in both CC2 and 
CC3 cultures but appeared more frequent in CC3 cultures. 
1.1.2 Normal cervix explant culture 
Normal cervical cells were seen to migrate out from the explant 
after three days in culture (Figure 3a). As the cells grew and divided, the 
boundaries of the outgrowth would extend radially (Figure 3b) for as long 
as twelve days. The cells were polygonal and pleomorphic in size and 
shape. Mitotic figures were not uncommon and could easily be found. 
After 12 days, increase in radius of the outgTowth was limited and 
li 5 8 1 4 ' 
cytoplasmic vacuoles started to appear in the most peripheral cells of the 
outgrowth. They would soon die and detach from the culture dish. 
1.2 Immunohistochemistry 
Anti-cytokeratin No. 1-8 (from Boeringher) reacts with an epitope 
common to cytokeratins of the basic (type II) subfamily (no. 1-8) from man. 
After immunofluorescence staining with this primary antibody, all 
cultured cervical cells (CC2, CC3 and normal cervix explant culture) were 
seen to possess group II intermediate filament (Figures 4 5 and 6). The 
fibrous cytoskeleton anastomosed with each other and occupied the whole 
cytoplasmic area. The dim illumination of the nuclear area showed that 
cytokeratin was mainly present in the cytoplasm. 
When anti-vimentin antibody was used to stain the cells, no 
fluorescence labelling could be observed. The result was the same as 
control experiments in which no primary antibody was added (results not 
shown). 
Previous studies showed that after nuclear matrix extraction, a 
nuclear matrix-intermediate filament network was left. Figures 7a and b 
show the cytoskeleton network of CC3 cells after extraction. The 
anticytokeratin antibodies were specifically localized along the filaments. 
This shows that cytokeratin, the intermediate filaments found in 
epithelial cells, was the residual structure remain in the cytoplasm after 
nuclear matrix extraction. 
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1.3 Nuclear Matrix Morphology 
1.3.1 TEM studies on whole mount preparations 
Figures 8 9 and 10 show the whole mount of extracted CC2, CC3 
and normal cervical cells in culture respectively. The nucleolar remnant, 
internal nuclear matrix, nuclear lamina and intermediate filaments were 
the remaining structures seen after sequential extraction. They were 
connected to each other and formed a continuous network. The 
intermediate filaments seemed to radiate out from the nuclear lamina, 
which appeared to be an electron dense structure surrounding the 
residual nucleus. The residual nucleoli were oval in shape and appeared 
as electron dense structures inside the residual nucleus. They were held 
in position and connected to the nuclear lamina by the internal nuclear 
matrix. For the structures inside the nucleus, such as the internal 
nuclear matrix and the nucleolar matrix, they could not be examined in 
detail from the whole mount preparation since the intermediate filaments 
and nuclear lamina networks were overlapping over the nuclear region. 
The detail of internal nuclear matrix could be studied from the 
embeddment-free sections. 
The intermediate filaments, on the other hand, could be studied 
clearly from the whole mount preparation. Figures 11 and 12 show the 
high power of magnifications of CC2 and CC3 cells respectively after 
whole mount extraction and focus on the cytoplasmic area. The 
intermediate filaments were very dense, abundant and grouped into 
bundles in CC3 cells (Figure 12). On the contrary, the intermediate 
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filaments of CC2 (Figure 11) and normal cervical cells were very sparse 
and mostly appeared as single filament. Since the intermediate filament 
system is one of the common markers of epithelial cell differentiation, it is 
obvious that the CC3 cells, with a well developed intermediate filament 
system, are more differentiated than CC2 and normal cervical cultured 
cells. 
1.3.2 TEM studies on Spurr resin thin sections 
The resin thin sections of CC3 nuclear matrices were shown in 
Figure 13a and b. The intermediate filaments were very dense and 
grouped into bundles. The nuclear lamina was seen to be a spherical 
structure that separated the tonofilaments from the nuclear matrix. The 
residual nucleoli were located at the inner region of the nucleus and the 
internal nuclear matrix was very sparse. From these sections, the 
internal nuclear matrix could hardly be studied since their connection 
between each other could not be seen. 
1.3.3 TEM studies on DGD thick sections 
Figures 14 and 15 show the embeddment-£ree sections of extracted 
CC2 and CC3 cells respectively. Each nucleus was surrounded by a 
continuous nuclear lamina. The nuclear lamina defined the shape and 
size of the nucleus and it separated the internal nuclear matrix from 
cytoplasmic intermediate filaments. Since the samples were prepared 
from cell suspension extraction, the intermediate filaments were not 
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spread out as seen in whole mount preparations. Although they just 
formed a thin layer wrapping around the nucleus, it was obvious that the 
intermediate filaments of CC3 were much thicker and denser than CC2. 
On the other hand, the morphology of the internal nuclear matrix was 
very similar between CC2 and CC3. The matrix fibres occupied the whole 
nuclear region and under high power view (Figures 16 and 17) they 
appeared very rough. There were many granular structures, occurring 
either singly or in clusters, associated with the matrix fibres and gave 
them the rough appearance. This fibro-granular appearance was unique 
to the internal nuclear matrix and could easily been distinguished from 
the intermediate filaments. The micrographs of intermediate filaments 
(Figure 18a, from whole mount preparation) and the internal nuclear 
matrix (Figure 18b, from the DGD section) from CC3 cells were laid side 
by side for comparison. The nuclear matrix appeared rough and the 
intermediate filaments were very smooth with no globular substances. 
These observations showed that the fibrous structures of the 
nucleoskeleton were different from that of the cytoskeleton. 
The dense residual nucleoli were suspended by nuclear matrix 
fibres. The organization of the nucleolar matrix was quite different from 
the internal nuclear matrix. The whole nucleolar matrix was much 
denser than the internal nuclear matrix. Moreover, the structure of 
internal nuclear matrix was homogeneous throughout the whole nucleus 
while nucleolar matrix consisted of compact as well as loose areas. Three 
different areas could be observed in the residual nucleolus (Figures 19 and 
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20). One or more clear zones were located at the central region of the 
nucleolus. They seemed to be hollow and contained no fibres. Around the 
hollow area was a circle of tightly packed fibres. They were so dense that 
individual fibres could not be distinguished. The rest of the nucleolus was 
occupied by the looser fibrogranular filaments. These three areas defined 
the size and shape of the nucleolus and were connected to the surrounding 
nuclear matrix. These three distinct areas may represent the residual 
structures of fibrillar center, dense fibrillar component and granular 
component respectively. 
The average internal nuclear matrix densities of CC2 and CC3 cells 
were calculated. About 20 cells of each cell line were randomly chosen for 
analysis. The nuclear matrix density of CC2 was 0.4 and the matrix 
density of CC3 was 0.33 (Figure 21). The result of Student's t-test showed 
that the difference in density was statistically significant with the p value 
of 0.008. 
1.3.4 SEM studies on isolated nuclei 
The nuclear matrix morphology was also studied under a scanning 
electron microscope. The extracted nuclei were adhered to a grid. Figure 
22a and Figure 22b illustrate the low and high magnifications of a same 
nucleus. The relationship between the internal nuclear matrix filament 
and the granular structures could be seen more clearly from these SEM 
micrographs. The filaments were joint to each other, and usually, in a 
tripartite form. The granular structures appeared randomly on the 
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matrix fibres. They usually grouped into clusters although single granule 
could also be found. In addition, the size of the filaments and the globules 
were measured. The width of the filaments were ranged from 8nm to 
15nm and the diameter of the granules was about 20nm. These 
measurements were similar to results published by others. 
1.3.5 Nuclear matrix stability 
In this study, the RNase inhibitor (RVC) was omitted during 
extraction. As compare to those extracted in the presence of RVC, the 
nuclear matrix morphology was very similar. Nuclear matrices of CC2, 
CC3 and normal cervix epithelial cells after digested with 25 g/ml DNase 
I were illustrated in Figures 23 24 and 25. The morphology of the 
residual nuclei from different cultured cells were similar and showed no 
obvious differences when compared to Figures 14 and 15 which were 
extracted with RVC. Although no structural differences were observed, 
the absence of RVC made the nuclear matrix more sensitive to DNase I 
extraction. As DNase I concentration increased, less matrices were 
remained in the residual nuclei. 
1.3.5.1 Cervical carcinoma cell lines 
The tumor cells, CC2 and CC3, when extracted and digested with 
different concentration of DNase I showed a difference in nuclear matrix 
stability. Figures 26a, b, c, d show embeddment-fi.ee sections of CC3 cells 
after nuclear matrix extraction and digested with 25|Lig/ml 50^g/ml, 
lOOfig/ml and 200 g/ml of DNase I. When 25 g/ml DNase I was used, the 
matrix was very dense and occupied the whole nuclear region. As the 
enzyme concentration increased, the matrix density decreased. The 
matrix fibres became sparse after 50jtig/ml DNase I digestion and nearly 
all the matrices were removed when lOOfig/ml or 200fig/ml DNase I was 
used. On the other hand, the nuclear matrix of CC2 cells was much more 
stable. Figures 27a, b, c, d show the appearance of extracted CC2 cells 
after treated with 25 g/ml, 50^g/ml, lOOjug/ml and 200[ig/ml DNase I. 
Similarly, the whole nucleus was occupied by dense nuclear matrix when 
diluted DNase I was used for digestion. As the enzyme concentration 
increased, the nuclear matrix density decreased gradually. In contrast to 
the CC3 cells, the matrix fibres could still be found when a concentration 
of 200 g/ml DNase I was added. Hence, the nuclear matrix of the less 
differentiated CC2 cells appeared to be more stable than the more 
differentiated CC3 cells. 
The average internal nuclear matrix densities of CC2 and CC3 cells 
after different enzyme treatments were quantified and listed in Table 1. 
For each sample, more than 10 cells were randomly chosen for 
quantification. As shown in Figure 28 the nuclear matrix density of CC3 
cells was 0.35 at 25^g/ml DNase I treatment and dropped dramatically as 
DNase I concentration increased. The density was close to zero after 
100^g/ml DNase I and 200^g/ml DNase I treatments. For CC2 cells 
(Figure 29) the matrix density was 0.38 after using 25^g/ml DNase I and 
it dropped slowly and reached 0.05 when enzyme concentration was 
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200|iig/ml. Moreover, Figure 30 shows that the decrease in nuclear matrix 
density was more drastic in CC3 cells than in CC2 cells. 
The difference of nuclear matrix density of these two cell lines after 
different treatments was analysed using various statistical tests (Table 2). 
It shows that the decrease in nuclear matrix density in CC2 cells and CC3 
cells (Student's t-test and ANOVA test), and the differences between CC2 
and CC3 (Multivariate analysis) were statistically significant. In fact, 
CC3 showed statistically greater reduction in nuclear matrix density than 
CC2 as DNase I concentration increased. 
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Table 1 The average nuclear matrix densities of CC2 and CC3 cells 
after extraction with different DNase I concentration. 
DNase I Nuclear matrix densities after DNase I 
concentration digestion 
(jtig/ml) CC2 CC3 
25 0.3768 0.3542 
50 0.3039 0.1788 
————100 0.1832 0.0225 
200 0.0471 0.0140 
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Table 2. Comparison of nuclear matrix density of CC2 and CC3 using 
various statistical analyses. * 
A. Comparing CC2 and CC3 at each of the four DNase I concentration. 
Student's t-test 
DNase I concentration t-test p value 
25 I 0.227 ** 
50 j 0.0001 
100 j 0.0001 
200 i 0.001 
• 
B. Test against trend for each cell line. 
one way AN OVA test 
Cell line I Trend p-value 
CC2 j <0.05 
CC3 j <0.05 
C. Test for trends between cell lines. 
Multivariate analysis (BMDP/Dynamic program 5V) 
The two cell lines do not exhibit the p-value <0.05 
same slope across concentrations s 
* All data are transformed by taking logarithm to make them less skewed. 
** Statistically insignificant. 
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1.3.5.2 Normal cervical epithelium 
The human cervix 
The normal human cervix is lined with a typical stratified 
squamous epithelium. Figures 31 and 32 show the human cervical 
epithelial cells after nuclear matrix extraction and digested with 25[ig/ml 
DNase I. Figure 31 shows the nuclear matrix-intermediate filament 
system of basal cells. The nuclear matrix was very dense with few 
intermediate filaments surrounding it. The nuclear matrix-intermediate 
filament system of superficial cells was shown in Figure 32. The cells 
were larger and intermediate filaments occupied a large area of cell. In 
these cells, the nuclear matrix was less dense as compared to that of the 
basal cells and some even appeared to be empty. These results suggest 
that the less differentiated epithelial basal cells have a more stable 
nuclear matrix than the superficial cells. 
The rat cervix 
Figure 33 is a TEM micrograph of normal rat cervical epithelium 
after in situ nuclear matrix extraction. The stromal region, basal layer of 
the epithelium and the superficial layer of the epithelium were shown. 
The basal cells, with a higher nucleus to cell ratio, had dense nuclear 
matrices. On the contrary, the cells at the upper layer had smaller nuclei 
and the matrices were sparse or even lost. These observations were in 
line with those of the human samples. 
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1.4 Nuclear Matrix Proteins 
1.4.1 One-dimensional gel electrophoresis 
1.4.1.1 Nuclear matrix and intermediate filament 
The cell structures remained after sequential nuclear matrix 
extraction were nuclear matrix and intermediate filaments. Further 
treatment of the residual structures in disassembly buffer and dialysed 
against 1000 volumes of assembly buffer allowed the intermediate 
filaments to be separated from the nuclear matrix. Figure 34 illustrates 
the protein compositions of nuclear matrix and intermediate filaments 
after gel electrophoresis and stained with Coomassie blue. Nuclear matrix 
and intermediate filament proteins were dissolved in sample buffer 
containing SDS and electrophoresed through a discontinuous acrylamide 
gel system. Lane 1 in Figure 34 shows the molecular weight of markers 
and lanes 2, 3 4 for nuclear matrix proteins, lanes 5 6, 7 for intermediate 
filament proteins. The protein patterns and the band distribution were 
totally different between nuclear matrix and intermediate filament. The 
protein compositions of nuclear matrix were very complex and they ranged 
from molecular weight of 20kDa to 200kDa. Moreover the amount of 
protein in all the bands (as judged by the density and area of the bands 
after staining) were similar, although minor variations did occur. For the 
intermediate filament analysis, the protein compositions were less 
complex. Several major bands were aggregated around molecular weight 
50kDa region. At low and high molecular weight areas, the bands, if any, 
were faintly stained. Since intermediate filaments of all types, except 
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medium and heavy chain of neurofilament, have a molecular weight of 
40kDa to 70kDa, the bands that heavily stained in lanes 5, 6 and 7 
around 50kDa to 60kDa were believed to be intermediate filament 
proteins of the cells. 
1.4.1.2 Nuclear matrix proteins 
Nuclear matrix proteins of cervical cancer cells, normal cervical 
cultured cells and cervical cells in vivo were extracted and run through a 
10% acrylamide mini gel for 45 min under 200V. Under these conditions, 
only the proteins with molecular weight ranging from 25 to 185 kDa could 
be well resolved. The proteins after electrophoresis and silver stain were 
shown in Figure 35. The protein bands were analysed using the software 
"ImageQuant" from Molecular Dynamics. 
Lanes 1 and 2 of Figure 35 represent nuclear matrix proteins of 
CC2 and CC3 respectively. There were 56 bands in lane 1 (CC2) and 58 
bands in lane 2 (CC3), and about 88% of the bands (50 bands) were 
identical between CC2 an CC3 matrix proteins. 
Lane 3 is the matrix proteins extracted from normal cervical 
cultured cells and lanes 4 and 5 are normal cervix epithelial cells of 
different cases. Although the bands in lane 3 were faintly stained, 44 
protein bands could still be detected. For the epithelial cells, there were 
45 and 44 bands in lane 4 and 5 respectively. Similar to cervical cancer 
cells, they showed high similarity of bands between different cases of 
normal cells (85% homology). Moreover, when comparing normal 
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epithelial cells from surgical specimen to the normal cultured cells, 82% of 
the bands between the two samples had similar molecular weight. 
The nuclear matrix protein compositions seem to be similar among 
cervical cancer cell lines and among normal cells (both normal epithelial 
in vivo and cultured cells) but different between the cancer and normal 
cells. This can be judged by the number of protein bands in each sample 
and the band patterns. Besides having more protein bands, some of the 
bands were consistently found to be present or absent in the two cancer 
samples. Two protein bands were present in both CC2 and CC3 (lane 1 
and 2) nuclear matrix but absent in all the normal samples (lane 3, 4 and 
5) as indicated by arrows in Figure 35. One of the bands was at high 
molecular weight region at about 83.22kDa, while the other protein band 
had a low molecular weight at about 25.4kDa. On the other hand, there 
were two protein bands that could be detected in cultured normal cervical 
cells and normal cervical epithelial cells only, as indicated in Figure 35 by 
arrowheads. The band with molecular weight 37.06kDa was very obvious. 
It was heavily stained and occupied quite a large area as compared to the 
other bands. The other band that only present in normal cervical cells 
was faintly stained and had a molecular weight of 27.02kDa. 
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1.4.2 Two-dimensional gel electrophoresis 
Figure 36 illustrates the protein/ polypeptide spots after two-
dimensional (2D) gel electrophoresis of CC2 nuclear matrix proteins. The 
nuclear matrix proteins were dissolved in the 2D sample buffer (which 
contained concentrated urea) before first dimensional gel electrophoresis. 
Thereafter, the proteins were run through a denaturing polyacrylamide 
gel (which contained SDS) in the second dimension. Under the 
denaturing conditions of both first and second dimension, the proteins 
were no longer in a globular structure. The subunits of a protein were on 
the other hand dissociated with each other and linearized. Therefore, to 
be more specific, each spot on the 2D gel represents a polypeptide instead 
of a protein and the term "polypeptide spot was used for the following 
description and discussion. 
The arrows across the width of the gel in Figure 36 represent the 
direction of running the non-equilibrium pH gradient electrophoresis 
(NEPHGE) (the first dimension of the 2D gel). The arrowheads pointing 
downward across the length of the slab gel indicate the direction for 
running the SDS-PAGE (the second dimension of the 2D gel). Therefore 
the spots across the gel from right to left showed increasing pi value from 
acidic (pi value about 4) to basic (pi value about 10). In addition, the 
spots across the gel from top to bottom indicated decreasing molecular 
weight with the highest (about 200kDa) at the top and lowest at the 
bottom (about 20kDa.). Among these hundreds of spots, several 
polypeptide spots were already well characterized by others and could act 
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as landmarks on the gel. These included lamin A (pi 7.63; 70kDa), lamin 
B (pi 5.94; 67kDa), lamin C (pi 7.63; 60kDa) and actin (pi 5.93; 43kDa) 
and were abbreviated as La, Lb, Lc and act respectively in the figure. 
For comparison and confirmation, each sample was repeated three 
times and only the spots that consistently appeared in all three attempts 
were counted. Figures 37 38 and 39 show the 2D patterns of nuclear 
matrix of CC2 cells, CC3 cells and normal cervical epithelial cells 
respectively. The spots within the dotted lines were not counted and 
analysed because at this acidic and high molecular weight area, too many 
spots seemed to clump together and they could not be resolved. Hence 
only the spots below molecular weight of 90kDa were analysed. Under 
these conditions, 365 polypeptide spots in nuclear matrix of CC2 cells, 280 
polypeptide spots in nuclear matrix of CC3 cells and 221 spots in normal 
epithelial cells were counted. 
1.4.2.1 Cervical carcinoma cell lines (CC2 and CC3) 
When comparing the 2D patterns of CC2 and CC3 nuclear matrix, 
210 common spots were identified. It means that 75% of the polypeptides 
found in CC3 nuclear matrix could also be found in CC2. Although more 
spots were detected in CC2 sample, most of them were weakly stained and 
located at the low molecular weight area. If only the darkly stained spots 
were considered, several polypeptides specific to CC2 were consistently 
found. Similarly, polypeptides specific to CC3 were repeatedly observed. 
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The 2D gel pictures of CC2 and CC3 nuclear matrix were laid side 
by side in Figure 40a and b. The arrows indicate the spots (i, ii, iii and iv) 
that occurred in CC2 nuclear matrix and the arrowheads show the spots 
(a, b, c and d) present in CC3 nuclear matrix only. Table 3 lists the pi 
value and molecular weight of these cell line specific polypeptides. The pi 
and molecular weight of all spots were estimated with reference to the 
"landmark spots. 
The four CC3 specific matrix proteins were of higher molecular 
weight. They ranged form 50kDa to 68.5kDa with spot (a) having the 
highest and spot (d) having the lowest. Spots (b) had a molecular weight 
of 62kDa and spots (c) was similar to lamin C (60kDa). Moreover, the pi 
value of all these spots were low and very close to that of lamin B. 
All the spots that were specific to CC2 nuclear matrix, were located 
at basic pi and lower molecular weight region. The sizes of the 
polypeptides were ranged from 41kDa to 58kDa. For the pi value, spot (i) 
had the lowest (close to lamin C, pi 7.63) while the others were more basic 
(higher than 8.5) in nature. 
. 75 
Table 3 The specific nuclear matrix polypeptides in CC2 and CC3 
cells 
cell line spots pi value MW (kDa) 
CC2 i i M basic 49 
CC2 ii >7.63 basic 49 
CC2 iii >8.5 basic 58 
CC2 iv >8.5 basic 41 
CC3 a 5.95 acidic 68.5 
CC3 b 5.95 acidic 62 
CC3 c 5.95 acidic 60 
CC3 d 6.5 acidic 50 
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1.4.2.2 Normal and cancerous cervical cells 
The spots that occurred in both CC2 and CC3 nuclear matrices were 
compared to those found in nuclear matrices of normal epithelial cells. 
About 75 common spots (including the landmarks lamin A, B, C and actin) 
were found in both cancer and normal cervical cells. The 2D gel patterns 
of normal and cancer cell nuclear matrix were shown in Figure 41. In 
general, the nuclear matrix compositions were quite different between 
cancer and normal cells. Lesser spots could be seen in the normal sample 
and the lamin A and C were faintly stained. 
The basic polypeptides with the molecular weight of 30 to 40kDa 
found in cancer cells were absent in the normal counterpart (Figure 41b, 
marked within the dotted line), In addition, two cancer specific 
polypeptide spots (Figure 41b, arrows) were located closed to lamin B. 
Their pi value were around 5.9 and the molecular weights were about 
63kDa and 65kDa. 
On the other hand, a group of light spots appeared in the low 
molecular weight (below 27kDa) and basic area of the normal samples 
could not be found in tumor cells (Figure 41a, marked within the dashed 
line). Moreover, two large spots that were stained heavily in normal 
sample were absent in cancer cells (Figure 41a, arrowheads). 
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2 Nuclear Matrix of Ovarian cells 
2.1 Cell Culture 
Figures 42 to 47 illustrate the phase contrast micrographs of the six 
cultured ovarian cell lines: HOSE12, HOSE6-3, SKOV3, DOV13, 
OVCA429 and OVCA432, at both low and high densities. SKOV3, 
DOV13, OVCA429 and OVCA432 are ovarian carcinoma cell lines while 
HOSE 12 and HOSE6-3 are normal immortalized cell lines. They all 
appeared epithelioid under the cultured conditions although variation 
occurred between cell lines. 
The HOSE 12 (Figure 42) and HOSE 6-3 (Figure 43) cell lines, had 
a similar morphology and appeared more elongated than the other four 
cancer cell lines. Mitotic cells were often found. At subconfluent 
densities, the HOSE cells grew as clusters with some scattered single cells 
(Figures 42a and 43a). As the cell number increased, the cells came into 
contact with each other and acquired a more elongated shape (Figures 42b 
and 43b). The growth rate of both cell lines were similar but were much 
slower than the cancer cells. They were subcultured once every six days 
at a splitting ratio of 2. 
The cancer cells were polygonal and pleomorphic in shape and size. 
Moreover, all the cancer cell lines had a faster growth rate than the 
immortalized normal cell lines. Usually, subculture was needed every 4 
day interval at a splitting ratio of 3 to 4. Figure 44a shows the SKOV3 
cells after 2 days of subculture. The cells grew as clusters and some 
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remained single. At low cell density, SKOV3 cells usually showed a 
weavy outline. However, when the cells became confluent, they gave a 
mosaic-like appearance with a typical polygonal epithelial cell outline 
(Figure 44b). 
Figures 45a and b show the DOV13 cell culture at low and high cell 
densities respectively. DOV13 cells were also grew as clusters and the 
cells were very elongated at low cell density (Figure 45a). However, as 
cells grew and came into contact, they became polygonal. When confluent 
layer of cells was reached (Figure 45b), they looked very similar to SKOV3 
and had a mosaic-like appearance (compare Figure 45b to Figure 44b). 
The OVCA429 cells grew as small colonies (Figure 46a) and the 
boundaries extended as the cells continue to divide (Figure 46b). At the 
central region of the colony, the cells were closely packed and had a 
typical polygonal shape. Moreover, as compared with other ovarian cell 
lines, OVCA429 cells were flatter and had prominent nucleoli (Figure 
46b). 
The OVCA432 cells also grew as small colonies (Figure 47a). As the 
cell density increased, two different types of cells could be seen (Figure 
47b). Some of the OVCA432 cells were larger, flatter and had prominent 
nuclei while other cells were smaller, spherical and had a very shiny cell 
periphery when observed under a phase contrast microscope. For those 
shiny cells, the nuclei could hardly be seen and they usually clustered 
together and were surrounded by the flat cells. 
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2.2 Nuclear Matrix Morphology 
2.2.1 TEM studies on whole mount preparations 
The ovarian cells after whole mount preparation were shown in 
Figures 48, 49 50 51 52 and 53. All of them processed the intermediate 
filaments, nuclear lamina, internal nuclear matrix and residual nucleoli 
after nuclear matrix extraction. Due to the flatten morphology of 
OVCA429 cells, the residual nuclear structures after extraction could be 
clearly seen (Figure 52). The thin and sparse intermediate filaments were 
seen in the cytoplasmic region. They seemed to end on the nuclear 
lamina, which formed the boundary of the nucleus. Started form the 
nuclear lamina, a denser fibrous network (internal nuclear matrix) 
occupied the whole nuclear area and suspended in this network were 
several electron dense residual nucleoli (Figures 50 and 52). 
For the two HOSE cell lines (Figures 48 and 49) the cells could not 
grow well on the formvar coated nickel grids even the grids were 
pretreated with poly-l-lysine. Moreover, the cells tended to detach from 
the formvar during cell extraction. It indicates that formvar is not a 
favourable substratum for the growth and attachment of normal 
immortalized cells. As a result, after whole mount preparation, few cells 
remained on grids and for those still attached, the morphologies were not 
as well preserved as the cancer cells and sometimes part of the 
intermediate filament network could be seen detached from the 
substratum (as indicated in Figure 49 by arrow). 
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Intermediate filaments in the cytoplasmic area were shown in 
Figures 54 to 57. The filaments were sparse and thin. They usually 
occurred in the form of single filament, and occasionally, several filaments 
grouped together to form a bundle. 
2.2.2 TEM studies on DGD sections 
Embeddment-free thick sections of all six ovarian cell lines were 
studied under a TEM (Figures 58 to 63). The nuclear matrix 
organizations were the same for all cell lines. Under low power 
magnification, the entire nuclear matrix including the surrounding 
intermediate filaments could be seen. Usually the intermediate filament 
networks were not obvious and did not spread out as well as that seen in 
the whole mount preparation. They were located outside the nuclear 
l amina and formed a loose cytoplasmic skeleton. The nuclear lamina was 
very dense under the electron microscope. It defined the nucleus size and 
shape and from which the internal nuclear matrix was originated. The 
internal nuclear matrix occupied the entire extracted nucleus and held the 
nucleolar matrix (or nucleolar matrices) in position. The residual 
nucleolus was much more electron dense than the internal nuclear matrix 
and appeared as a distinct structure inside the nucleus. However, some 
residual nuclei were entirely occupied by the homogeneous internal 
nuclear matrix and no denser structures could be found. This was 
because the DGD sections were cut at 0.2jiim and the nucleoli were not cut 
at the plane of section (Figure 58a, 60a). 
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The internal nuclear matrices of different ovarian cell lines, under 
high power of magnification, were shown in Figures 58b to 63b. They 
were very similar to those of the cervical cell lines but had a different 
pattern from intermediate filaments (Figures 54 to 57, whole mount 
preparation). Many granular structures, either singly or in clusters, were 
found along the matrix fibres while the outline of the intermediate 
filaments was very smooth. The size of these granular structures could be 
measured more accurately under higher magnification. Figure 64 depicts 
the internal nuclear matrix of SKOV3 cell at 80K magnification. Most of 
the matrix fibres measured 8nm to 15nm in width. Moreover, the 
granules had an average diameter of 20nm with only little variation. 
The nucleolar matrices of all ovarian cells appeared similar as those 
described in the cervical cells. Three different areas were found (Figure 
65a, b): i) clear zone(s) at the interior region of the nucleolus, ii) tightly 
packed fibrous areas usually found around the clear zones and iii) the 
surrounding looser fibrogranular filaments. These three distinct areas of 
the nucleolar matrix could be observed in all cell lines examined including 
the cervical and ovarian cells, suggesting that this nucleolar matrix 
organization was stable and consistence in different cell types. 
The internal nuclear matrix densities of the six ovarian cell lines 
were measured and shown in Figure 66. The average nuclear matrix 
densities of HOSE 12 and HOSE6-3 cells were 0.26 and 0.29 respectively. 
For the four cancer cell lines, their matrix densities were in general 
higher than the immortalized normal HOSE cell lines. The average 
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matrix densities of D0V13, OVCA429, OVCA432 and SK0V3 cells were 
0.36 0.39, 0.38 and 0.44 respectively. For better comparison, the average 
nuclear matrix density of the two normal HOSE cell lines was compared 
to that of the four cancer cell lines (Figure 67). The immortalized HOSE 
cells had an average matrix density of 0.28 and the average matrix 
density of cancer cells was 0.39. These data illustrated that ovarian 
cancer cells had a more stable nuclear matrix than the immortalized 
normal ovarian cells since they had a higher internal nuclear matrix 
densities after extraction. The difference in density between cancer and 
normal nuclear matrix was statistically significant since the p value of 
Student's t-test was 0.000022. 
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2.3 Nuclear Matrix Proteins 
Nuclear matrix proteins of all six ovarian cell lines were prepared 
and resolved under two-dimensional gel electrophoresis (Figure 68 to 73). 
In line with the study of cervical cells, each ovarian sample was run in 
triplicate and only the spots that consistently occurred were counted. The 
number of polypeptide spots found in each cell line was listed in Table 4. 
Table 4 Polypeptide spots found in the ovarian cell lines 
cell line number of spots 






Both HOSE 12 and HOSE6-3 143 common spots 
All cancer cell lines 147 common spots 
195 and 182 polypeptide spots were seen in the two normal 
immortalized cell lines HOSE 12 and HOSE6-3 respectively. Among these 
spots, 143 were shared by both HOSE cell lines. This showed that the 
protein compositions of the two HOSE cell lines were very similar with 
more than 75% homology. The number of spots found in nuclear matrix of 
the cancer cells varied. There were 293 spots in DOV13 and only 166 
84 
spots in SKOV3. A total of 147 common polypeptide spots could be found 
in all cancer cell lines. 
The common spots found in nuclear matrices of HOSE cell lines 
were compared to those in cancer cell lines. The 2D gel pictures of 
HOSE 12 and OVCA429 were shown in Figure 74. 138 polypeptide spots 
were consistently seen in all normal and cancer cells. Moreover, 5 normal 
specific (Figure 74a, arrowheads) and 9 cancer specific (Figure 74b, 
arrows) nuclear matrix polypeptides were observed. Figure 75 was a 
schematic diagram summarizing the identities of the cancer specific and 
normal specific spots with reference to the landmark proteins. All five 
normal specific nuclear matrix polypeptides (Figure 75, represented by 
symbol • ) were located at 30kDa at very basic region. On the other hand, 
the cancer specific spots (Figure 75 indicated by •) were found at 15kDa 
to 30kDa, neutral to basic area of the gel. In addition, two cancer specific 
spots were found close to lamin B. They had a pi value of 5.9 and 




1 Normal and Cancer Cells 
Cervical carcinoma cell lines and ovarian cell lines were all well 
characterized as epithelial cells (Karlan et al. 1988 Chew et al, 1990 Ho 
et al. 1993 Tsao et al. 1995). The primary cultured cells of normal cervix 
have also been characterized in this experiment. The cells migrated out 
from the normal cervix explants were immunolabelled with 
anticytokeratin antibodies and antivimentin antibodies. Figure 6 shows 
that the normal cultured cells possessed cytokeratin in their cytoplasm 
and gave a network organization. The CG2 and CC3 cells also contained a 
cytokeratin network (Figures 4 and 5). However, when both the cancer 
cells and the normal cultured cells were stained with antivimentin 
antibodies, no positive result can be observed (result not shown). 
Cytokeratin and vimentin both belong to a group of cytoskeleton called 
intermediate filaments. However their expression are cell type specific. 
The cytokeratins are abundant in the cytoplasm of epithelial cells while 
vimentin is the major structural protein found in a wide variety of 
mesenchymal cells, such as fibroblasts (Amos and Amos 1991). Since the 
normal cervical cultured cells possessed only the cytokeratin but not 
vimentin, they are proved to be epithelial cells and can be used as a 
normal model to compare with the cervical cancer cells. 
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In the study of ovarian epithelial cells, the immortalized ovarian 
epithelial cells (HOSE) were used as normal control. Although the normal 
ovarian epithelial cells were immortalized by a retroviral vector 
expressing HPV-E6E7 open reading frames, they still retained some 
properties similar to normal ovarian epithelial cells and closer to a 
nonmalignant phenotype. This was shown by the anchorage-dependent 
growth, lack of tumorigenicity in nude mouse, absence of CA125 
expression and responsiveness to TGF-P inhibition of immortalized HOSE 
cells (Tsao et al 1995). 
2 Nuclear Matrix Morphology 
2.1 Techniques for nuclear matrix morphological 
studies 
Since the discovery of nuclear matrix, several methods have been 
used to study its organization. Berezney and Coffey (1974) studied the 
liver nuclei under TEM using resin thin sections. There are several 
disadvantages of using this conventional TEM technique. Since nuclear 
matrix is a filamentous network found in the nucleus, its three-
dimensional organization was of particular interest. The resin, however, 
scatters electron very much the way the embedded specimen does, 
rendering it nearly invisible, except where heavy-metal stains are bound 
(Wolosewick 1980 Capco et al. 1984). Therefore, as shown in Figure 13a 
and b the images obtained from the resin thin sections are only a two-
dimensional view of the object. Several years later, an unembedded whole 
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mount preparation was developed to provide an image directly from the 
specimen without resort to heavy-metal stains (Capco et al. 1982 Fey et 
al. 1984). In this case, the entire fixed, dehydrated and critical point 
dried cell is placed in the electron beam path vacuo and biological 
materials scatter electron sufficiently and form very high contrast images. 
However, there are still limitation for the whole mount preparation. The 
cell structures must be relatively thin for the images to be interpretable 
when the entire three-dimensional structure is viewed (Capco 1984). As a 
result, the whole mount preparation is not a good method to investigate 
the internal nuclear matrix morphology. As shown in Figure 53 due to 
the thickness of the nucleus and the density of the nuclear matrix, the 
nuclear region of the cell appeared totally dark. Even if the nuclear 
matrix was sufficiently sparse (Figure 52) it cannot be studied in detail 
because the nucleus area was masked by the intermediate filament and 
nuclear lamina. In order to bridge the difference between the resin thin 
sections and the whole mount methods of imaging, DGD thick sections 
was developed (Capco et al. 1984 Fey et al. 1986). DGD sections, due to 
the removal of embedding medium, give sharp and high contrast images. 
Moreover, the sections are cut at 0 .2jLim and therefore thicker sections and 
the three-dimensional structures of the nuclear matrix can be studied (e.g. 
Figures 14, 15, 64). In view of the advantages of DGD thick sections, this 
method is adopted for most of the nuclear matrix morphology studies. 
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2.2 Nuclear matrix - Intermediate filament (NM-IF) 
Previous studies had shown that after nuclear matrix extraction, an 
intermediate filament - nuclear lamina - internal nuclear matrix -
nucleolar matrix system of the cell could be seen (Fey et al. 1984, Jiao et 
al. 1991). In the present study, this nuclear matrix - intermediate 
filament (NM-IF) system can always be observed from both cervical and 
ovarian cells after extraction. The whole mount preparations provide a 
gross observation of the NM-IF system while the DGD sections allow fine 
examination of the nuclear matrix structures. The gross appearance of 
the NM-IF system, the fine internal nuclear matrix morphology and the 
nucleolar matrix organization of all cells (cervical or ovarian cells; normal 
or cancerous cells) are similar. These observations together with previous 
studies on other cell types indicate that the nuclear matrix is an universal 
and conserved network structure found in the nucleus of eukaryotic cells. 
Using DGD thick sections under TEM high magnification view 
(Figure 16 cervical cells; Figure 64, ovarian cells), the internal nuclear 
matrix appeared as an fibro-granular network throughout the entire 
nuclear region. The sizes of the granules and filaments were measured: 
the width of the matrix fibres ranged from 8nm to 15nm and the diameter 
of the granules was about 20nm. This measurement was very closed to 
those reported by Capco et al. (1982). The nuclear matrix fibres differed 
from the intermediate filaments (Figure 18) in appearance. The lOnm 
intermediate filaments were very smooth with no (or a few, if any) 
globular structures associated with them. Therefore the nucleoskeleton 
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(nuclear matrix) and the cytoskeleton (intermediate filament) are of 
different network system. In fact, protein analysis (Figure 34) has shown 
that the nuclear matrix and intermediate filaments possessed different 
protein compositions. These suggest that the nuclear matrix proteins 
belong to a subgroup of protein that is different form the intermediate 
filament proteins and therefore plays a different functional role. 
2.3 Nucleolar matrix 
The nucleolar matrix organization observed in this study is of great 
interest. Three different zones were found: One or more clear zones were 
located at the inner area of the residual nucleolus and they were usually 
surrounded by a circle of tightly packed fibres. The rest of the residual 
nucleolus was occupied by homogeneous and dense fibrogranular matrix 
(Figures 19 20 and 65). Although nucleolar skeleton has previously been 
isolated and studied (Franke et al. 1981) similar pattern of nucleolar 
matrix organization has not been reported. 
In higher eukaryotic cells, nucleoli are usually organized into three 
distinct regions clearly visible under the electron microscope. A lightly 
stained region known as the fibrillar centre which is surrounded more or 
less completely by the densely stained region termed the dense fibrillar 
component. The entire fibrillar region is embedded in a particle-rich 
region which is known as the granular component (Jordan 1984 Melese 
and Xue 1995). The fibrillar centre seems to be the storage sites of both 
ribosomal genes and enzymic machinery necessary for rDNA transcription 
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in the nucleolus. Proteins involved in transcription, such as RNA 
polymerase I DNA topoisomerase I and the transcription factor UBF are 
found in the fibrillar centres (Melese and Xue 1995). Moreover, rDNA is 
found to located at the fibrillar centres, especially at their periphery, 
whereas the dense fibrillar component seems to be free of the rRNA genes 
(Jordan 1984, Thiry et al. 1993). However, rDNA transcription is 
suggested to be located at dense fibrillar component but not in the fibrillar 
centre (Jordan 1984). The newly synthesized preribosomal RNA is rapidly 
accumulated at the dense fibrillar component after transcription. Two 
proteins, fibrillarin (which is involved in pre-rRNA cleavage) and 
topoisomerase II (involved in rDNA organization and transcription) are 
found in the dense fibrillar component and they still remain in the 
nucleolar matrix (Ochs and Smetana 1991 Zini et al. 1992) after nuclear 
matrix extraction. The granular component contains the 15nm pre-
ribosomal granules. The granules represent ribosome precursor particles 
at various stages of assembly and processing. Once the ribosomal 
subunits are mature, they are released into the cytoplasm from the 
nucleolus (Jordan 1984). These findings suggest that specific functions 
take place at specific regions of the nucleolus. 
The three nucleolar matrix zones may represent the residual 
structures of fibrillar centre, dense fibrillar component and granular 
component. The nucleolus of whole cell in resin thin section and the 
nucleolar matrix of extracted cell in DGD thick section have similar 




surrounded by densely packed fibres may correspond to the lightly stained 
fibrillar centre and the densely stained dense fibrillar component. The 
pre-ribosomal particles in the granular component may represent the 
residual granules found in the fibrogranular matrix. Beside the 
morphological similarities, the organization of nucleolar matrix can also 
be explained from the functional point of view. Although the transcription 
machineries are found in the fibrillar centre, it is considered to be 
transcriptionally inert while ribosomal transcription is found active in the 
dense fibrillar component. Evidences have shown that transcription takes 
place at the nuclear matrix and the nascent RNA may tightly bind to the 
matrix (Jackson et al. 1981 Ciejek et al. 1983) and play a part in 
maintaining the integrity of the nuclear matrix (Fey et al. 1986 He et al. 
1991). During nuclear matrix extraction, soluble proteins and most of the 
DNA are removed from the nucleus. Therefore, rDNA together with the 
enzymes and factors are released from the fibrillar centre, which become 
hollow after removal of its components. However, since transcription 
takes place at the dense fibrillar component, the transcriptional enzymes 
and factors may associate with its matrix. In addition, the nascent rRNA 
may attach to the matrix and render it unextr act able. As a result a 
densely packed nucleolar matrix is formed. The pre-ribosomal particles 
are found in the granular component. These particles attaching to the 
nucleolar matrix help to maintain its stability and give the nucleolar 
matrix a fibrogranular appearance. 
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2.4 Nuclear matrix stability 
The nuclear matrix stability is related to the differentiation stages 
of the cells. The nuclear matrix of less differentiated cells is more stable 
than that of the differentiated one. This phenomenon is demonstrated by 
the two cervical cancer cell lines, CC2 and CC3, normal cervical 
epithelium and the six ovarian cell lines. 
2.4.1 Cervical carcinoma cell lines 
CC2 and CC3 are two cervical carcinoma cell lines established from 
squamous carcinoma of the uterine cervix from two Chinese patients. The 
cervical carcinoma biopsy that eventually gave rise to CC2 cell lines was 
diagnosed as a moderately differentiated squamous cell carcinoma (Ho et 
al. 1993) while CC3 was derived from a well differentiated squamous 
carcinoma (Chew et al. 1990). The different differentiation stages of the 
cancer cells in biopsies were maintained in the cell lines. Figures 11 and 
12 show the intermediate filament system of CC2 and CC3 cells. 
Intermediate filaments of CC3 were well developed and grouped into 
bundles. On the contrary, the intermediate filaments of CC2 were very 
sparse and only appeared as single filaments. Since the intermediate 
filament system is one of the common markers of epithelial cell 
differentiation, CC3 cells are demonstrated to be more differentiated than 




2.4.1.1 Nuclear matrix extraction of cervical cancer cells in the absence of 
RNase inhibitor 
The cancer cells, when digested with different concentration of 
DNase I in the absence of RNase inhibitor, showed a difference in nuclear 
matrix stability. Nuclear matrix density, which is the ratio of internal 
nuclear matrix area to the whole nuclear area, of CC2 and CC3 cells after 
digestion with different DNase I concentration were quantified (Table 1 
Figures 28 and 29). The density decreased as the amount the DNase I 
increased in both cell lines. However, CC3 cells were more sensitive to the 
enzyme digestion. The nuclear matrix density dropped sharply when the 
DNase I concentration increased from 25^g/ml to 50^g/ml and it was 
nearly zero when 100 g/ml of enzyme was used. On the other hand, the 
nuclear matrix of the CC2 cells was much more stable. The nuclear 
matrix density decreased slowly and gradually as DNase I digestion 
increased from 25fig/ml to 200fig/ml. Nuclear matrix could still be seen 
even when 200^g/ml DNase I was used, at which the nuclear matrix 
density was 0.5. Hence, the nuclear matrix of the less differentiated CC2 
cells appeared to be more stable than the more differentiated CC3 cells. 
As shown in Figure 30 and Table 2 CC2 and CC3 cells had a 
similar nuclear matrix density after 25 g/ml DNase I digestion. The p 
value of Student's t-test further shows that the differences in the nuclear 
matrix density between CC2 and CC3 cells at this DNase I concentration 
are statistically insignificant since the p-value is greater than 0.05. 
However, when treated with 50jng/ml 100^g/ml or 200fig/ml DNase I the 
94 
two cell lines had different responses. The response of the CC3 cells to 
nuclear matrix extraction was more drastic than the CC2 cells. These 
differences of nuclear matrix densities between the CC2 and CC3 cells are 
statistically significant (Table 2). These results suggest that the starting 
materials before nuclear matrix extraction of the CC2 and CC3 cells are 
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similar and they give similar matrix morphology and density after mild 
extraction. These nuclear matrix components are eventually removed by 
DNase digestion "in the absence of RNase inhibitor. However the easiness 
of the nuclear matrix being removed is different between the CC2 and 
CC3 cells. The nuclear matrix of more differentiated CC3 cells is less 
stable and can be easily extracted. 
2.4.1.2 Nuclear matrix extraction of cervical cancer cells in the presence of 
RNase inhibitor 
After nuclear matrix extraction, a j&bro-granular network can be 
found in the extracted nucleus. The granules that associated with the 
nuclear matrix fibres are proved to be hnRNP (He et al. 1991). Newly 
transcribed RNA sequences are closely associated with nuclear matrix 
(Jackson et al. 1981) and some of the nascent RNA become a component of 
the hnRNP. When digested the nuclear matrix with RNase, the RNA in 
hnRNP can be removed and result in the aggregation and even loss of the 
internal nuclear matrix (Fey et al. 1986, He et al. 1990). Therefore RNA is 
a component of nuclear matrix and play an important role in maintaining 
the matrix structure. If the cells are extracted in the absence of RNase 
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inhibitor (as those described in the previous section), nuclear matrix will 
eventually be totally removed since the matrix associated RNA is digested 
by endogeneous RNase and the RNase impurities in the DNase I. On the 
contrary, if cells are extracted in the presence of RNase inhibitor (RVC), 
nuclear matrix can still be observed even if concentrated DNase I is used 
(Figures 14, 15). 
The nuclear matrix density of CC2 and CC3 cells digested with 
lOOgg/ml DNase I for 20 min in the presence of RVC was shown in Figure 
21. The nuclear matrix density of both cell lines were higher than those 
extracted in the absence of RVC. Since RNA of nuclear matrix was not 
digested, the matrix integrity could remain the same even in increased 
concentration and prolonged DNase I treatment. In this context, the 
nuclear matrix density between CC2 and CC3 cells was also different. 
The more differentiated CC3 cells had a lesser nuclear matrix density. 
2.4.2 Normal cervical epithelium 
The normal cervix is lined with a typical stratified squamous 
epithelium. The basal cells of the stratified squamous epithelium is 
undifferentiated and active in mitosis. As the cells grow and migrate to 
the upper layer of the epithelium, they stop to divide and become 
moderate to well differentiated cells. After nuclear matrix extraction, the 
normal epithelial cells also showed different nuclear matrix stability in 
cells of different differentiated stages (Figures 31 32 and 33). The 
nuclear matrix of superficial cells was less dense and less stable as 
96 
compared to that of the basal cells, and some of them even appeared to 
have empty nuclei. 
2.4.3 Ovarian cell lines 
Immortalized normal ovarian epithelial cells (HOSE 12 and HOSE6-
3) were compared with the ovarian carcinoma cells (OVCA429, OVCA432, 
SKOV3 and DOV13). All the cells were digested with 100[ig/ml DNase I 
for 20 min in the presence of RVC. In general, the cancer cell lines had a 
denser nuclear matrix density than the HOSE cell lines (Figures 66 and 
67). It has been reported that as compared to the ovarian carcinoma cells 
(SKOV3 and OVCA3), the immortalized ovarian epithelial cells appear to 
retain similar differentiation properties to normal ovarian epithelial cells 
while the cancer cells has a reduction of cytokeratin 7 and 18 expression 
(Tsao et al. 1995). It means that the HOSE cell lines are more 
differentiated then the ovarian cell lines and therefore, as shown in the 
results, have a less stable nuclear matrix. 
Lafond and Woodcock (1983) reported that the adult chicken 
erythrocyte nucleus was found to lack an internal nuclear matrix: even 
milder extraction procedures resulted in the production of empty shells of 
pore complex-lamina together with loose aggregates of core histone. 
However, 5-day-old embryonic erythrocytes did contain a nuclear matrix. 
This supports our finding that less differentiated cells have a more stable 
nuclear matrix and suggested that there is a correlation between the 
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nuclear matrix stability and the nuclear "activities". Nuclear matrix has 
been proved to be involved in DNA processing such as replication and 
transcription. Replication fork and nascent RNA are tightly bound to the 
matrix (Jackson et al. 1981 Vaughn et al. 1990). Furthermore, the 
replication and RNA splicing complexes are shown to associate with 
nuclear matrix (Smith and Berezney 1980, Wood and Collins 1986, Smith 
et al. 1989). These explain why nuclear matrix of less differentiated cells 
is more stable. Since primitive or embryonic cells are going to divide and 
differentiate to mature cells, their nuclei must be very active and ready for 
all DNA processing events. Therefore nuclear matrix proteins are tightly 
connected to each other through bound nascent DNA, nascent RNA and 
associate proteins. As a result, they are more resistant to chemical 
extraction. On the contrary, well differentiated cells are at the final stage 
of cell growth and are relatively metabolic inert. Inactive nuclei, 
therefore, do not have enough bound materials to link the matrix tightly 
together. Hence the loosely linked nuclear matrix is more likely to be 
removed during the extraction. In fact, Razin et al. (1985) had also shown 
that the specific interactions of DNA and the nuclear matrix during 
transcription were lost in the course of terminal differentiation of chicken 
erythroid cells (Kalandadze et al. 1990). Moreover, Patriots et al. (1990) 
found that terminal differentiation of erythroid cells lead to a reduction in 
the number of DNA-RNA complexes attaching to the nuclear matrix. All 
these findings show that the less differentiated cells, due to their active 
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cell activities and DNA processing, have mote stable nuclear matrix and 
this in turn indicates the importance of the nuclear matrix. 
3 Nuclear Matrix Proteins 
3.1 Techniques for nuclear matrix proteins studies 
After nuclear matrix extraction, a NM-IF system is obtained. In 
order to remove the cytoplasmic intermediate filaments, NM-IF is 
dissolved in disassembly buffer which contains 9M urea. Then the 
dissolved proteins are dialysed against assembly buffer and the urea is 
dialysed out. In the absence of concentrated urea, intermediate filament 
proteins are repolymerized and precipitated. However, the nuclear matrix 
proteins are still remained in solution. By ultracentrifugation, the 
intermediate filaments pellet can be separated from the nuclear matrix 
supernatant. Figure 34 shows that the intermediate filaments has a 
different protein composition from the nuclear matrix. The nuclear matrix 
proteins are complex while the intermediate filaments of the epithelial 
cells are mainly cytokeratin and has a molecular weight of 40kDa to 
70kDa. 
Electrophoresis is a common method used to resolve the protein 
molecules. The term electrophoresis refers to the transport of particles 
through a solvent by an electric field. The degree of the drag on these 
particles is dependent on the size and shape of the molecules as well as 
the viscosity of the medium through which they move. SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) allows the polypeptides to 
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resolve according to their molecular weight. SDS is a kind of anionic 
detergent. It binds to the hydrophobic region of proteins and separates 
them into component subunits. Moreover, SDS can further give a large 
negative charge to the denatured, randomly soiled polypeptides so that 
they change from globular to linear form. Therefore, after SDS-PAGE, the 
polypeptide subunits are separated according solely to their molecular 
weight (Dunbar 1987). In the experiment, the nuclear matrix proteins of 
cervical cells were run through a 10% acrylamide mini gel (Figure 35). 
Under this condition, polypeptides with molecular weight ranging from 25 
to 185 kDa were well resolved. More than 55 bands were found in nuclear 
matrix of cervical cancer cells and about 45 bands were found in normal 
cervical cells. This one-dimensional electrophoresis is a quick method for 
protein analysis. It allows preliminary analysis of the nuclear matrix 
proteins, such as its complexity and a brief comparison between normal 
and cancer cells. However, it cannot give detail information of the matrix 
compositions. Each band on the gel represents a protein at a particular 
molecular weight. Since there are many polypeptides sharing same 
molecular weight, several polypeptides may be found in one band. This 
means that by counting the bands on SDS-PAGE may underestimate the 
number of proteins found in the nuclear matrix. Therefore, the high-
resolution two-dimensional gel electrophoresis, which allows the 
resolution of over 300 nuclear matrix proteins on a gel (Cupo 1991) is 
needed. 
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In conventional two-dimensional polyacrylamide gel electrophoresis 
(2D-PAGE), isoelectric focusing (IEF) is applied for the first dimensional 
run. Then the second dimension electrophoresis is performed by laying 
the cylindrical first dimensional gel on the top edge of a SDS-
polyacrylamide gel slab. In the standard IEF procedure, the apparatus is 
arranged with the catholic electrolyte (basic solution) in the upper buffer 
reservoir and the anodic electrolyte (acidic solution) in the lower reservoir. 
The gels containing ampholytes are usually prefocused for a certain 
period. This allows the carrier ampholytes to generate a pH gradient 
along the tube gel. Samples are then applied on the top of the IEF gels 
and focused for the appropriate time. The proteins as a result, run down 
the tube gel and separate according to their pi value. After IEF, the 
proteins are focused to and remained in the pH region of the gel that is 
equal to their pi. There is a disadvantage of using IEF: it cannot resolve 
basic proteins. The basic region of the pH gradient is unstable in IEF gel. 
Therefore when the pH gradient is extended to higher pH, the slightly 
basic proteins which enter the gel are not well resolved. Moreover, the pH 
gradient cannot be further extended to include very basic proteins, that is, 
some of the very basic proteins cannot even enter the gel. 
In this experiment, nonequilibrium pH gradient electrophoresis 
(NEPHGE) was used for the first dimension of 2D-PAGE. It is because 
NEPHGE can resolve basic as well as acidic proteins. It gives high 
resolution of proteins with pi across the entire pH range. In this case, 
electrophoresis is directed toward the cathod with the acidic reservoir on 
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top and the basic reservoir at the bottom. Thus the basic proteins are 
pushed into the gel and lead in the separation (OTarrell et al. 1977). 
Compare to IEF, prefocus of ampholytes cannot be carried out for 
NEPHGE and the electrophoresis is for shorter time so that equilibrium is 
not attained. The proteins are separated in the presence of a rapidly 
formed gradient and are not completely focused. To summerize, NEPHGE 
describes an empirical method by which proteins are separated in the 
presence of a pH gradient according to both of their electrophoretic 
mobility and isoelectric point (O'Farrell et al. 1977). There are also some 
disadvantages of using NEPHGE. The gels cannot be used for the 
determination of absolute isoelectric points (pi) of proteins and they can 
only be determined with reference to landmark spots on the gels. In spite 
of the limitation, NEPHGE is adopted for nuclear matrix studies. Since 
roughly 30% of the eukaryotic proteins are basic and most of which are 
involved in chromatin structure and nuclear function, so it is expected 
that a high proportion of nuclear matrix proteins are basic. Therefore 
NEPHGE should be used to resolve these proteins. 
3.2 Nuclear matrix proteins in cervical carcinoma cell 
lines 
The nuclear matrix proteins of CC2 and CC3 cells were compared 
using high-resolution two dimensional gel analysis. Several polypeptides 
were consistently found in CC2 or CC3 cells only. All the spots specific to 
CC2 cells were basic polypeptides and had a lower molecular weight. On 
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the contrary, the spots that were specific to CC3 cells were all acidic 
polypeptides and had a higher molecular weight (Table 3). As discussed 
earlier, CC2 cells are less differentiated than CC3 cells and have a more 
stable nuclear matrix. Active nuclear activities may occur in the CC2 
nuclei. The basic proteins with lower molecular weight that specific to 
CC2 nuclear matrix (Figure 40a, spots i to iv) may be directly involved in 
the DNA processing and the acidic proteins specific to CC3 nuclear matrix 
(Figure 40b, spots a to d) may also take part in DNA processing by 
suppressing its activities. Since there are specific distributions of 
polypeptides in cells of same cell type but at different differentiation 
stages, those spots may be involved in cell development and 
differentiation and their roles and functions need to be investigated. 
3.3 Nuclear matrix proteins in normal and cancer cells 
3.3.1 Cervical epithelial cells 
Using high-resolution two-dimensional gel analysis of nuclear 
matrix proteins, the cervical cancer samples from the two established 
carcinoma cell lines and the normal samples from the epithelium of 
normal biopsies were compared. That is, the in vitro cancer cells were 
compared to the in vivo normal epithelial cells. Normal cervix epithelial 
cells were attempted to grow in culture and used for nuclear matrix 
extraction and 2D gel electrophoresis. However, normal cells, in general, 
have limited life span and cannot grow indefinitely. Under culture 
conditions, the cervical primary cells grew slowly in a limited fashion. As 
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a result, the nuclear matrix extracted from the cultured normal cervical 
cells was not enough for large scale (11cm X 12cm) 2D gel electrophoresis. 
It was only used for one-dimensional mini SDS-PAGE. Figure 35 shows 
the nuclear matrix protein bands of cervical cancer cells in vitro, normal 
cells in vitro and normal cells in vivo. More bands (about 56) were found 
in the two cancer cell lines and they both had very similar band patterns. 
On the other hand, the protein band patterns of normal cervical cultured 
cells and the epithelial cells were similar to each other and they had fewer 
bands (only 44 bands) than cancer cells. Moreover, several bands were 
consistently found to be present or absent in the normal samples (both 
cultured or fresh epithelial cells). For example, a 37.06kDa protein band 
was seen in both normal cervical cells in vitro and in vivo but was absent 
in cancer samples. Thus, with the aid of mini one-dimensional gel 
electrophoresis, the normal cultured cells were found to retain the nuclear 
matrix protein composition of the epithelial cells in vivo. Therefore, the 
comparison between an in vitro cervical carcinoma cells and the in vivo 
normal cervix epithelial cells was utilized in this study. 
Figure 41 shows the nuclear matrix polypeptide spots of cervical 
cancer cells and normal epithelial cells. Similar to the results of one-
dimensional electrophoresis, more polypeptides could be found in cancer 
cells. Moreover the 2D patterns of two cervical carcinoma cell lines were 
similar to each other but different form the normal one. A group of spots 
appeared in the low molecular weight (below 27kDa) and very basic area 
of the normal samples could not be found in the nuclear matrix of cancer 
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cells. However, another group of slightly basic spots with molecular 
weight of 30 to 40kDa appeared in cancer samples. 
Two cervical cancer specific spots were of particular interest. They 
had a pi value around 5.9 and molecular weight of about 63kDa and 
65kDa. These two spots had a similar pi and sizes to the spots that were 
found to be specific to ovarian cancer cells. 
3.3.2 Ovarian epithelial cells 
The nuclear matrix polypeptides of immortalized HOSE cell lines 
were compared to those in cancer cell lines. Five normal specific and nine 
cancer specific nuclear matrix polypeptides were observed (Figure 75). 
The five normal specific spots were all located at 30kDa, very basic region. 
The results showed that five spots disappeared and seven low molecular 
weight, neutral to basic cancer specific spots were found in nuclear matrix 
of cancer cells. The other two cancer specific spots had a pi value of 5.9 
and molecular weights of 63kDa and 65kDa. The pi value and molecular 
weight of these two polypeptides were similar to those found in cervical 
cancer cells only. 
Nuclear matrix proteins analysis of both cervical cells and ovarian 
cell lines using high-resolution two-dimensional gel electrophoresis show 
that several polypeptides that are found in normal cells are absent in 
cancer cells. On the other hand, some polypeptides appear only in nuclear 
matrix of cancer cells. Similar changes in the nuclear matrix patterns 
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between normal and cancer cells had also been reported (Getzenberg et al. 
1991 Khanuja et al. 1993 Partin et al. 1993 Keesee et al. 1994). All 
these findings suggest that as cells transform, a group of nuclear matrix 
proteins disappears and new group of proteins appears. These proteins, 
as seen in cervical and ovarian cells, are mainly basic proteins with low 
molecular weight. They may be the regulatory proteins involved in gene 
expression. Dworetzky et al. (1990) found a dramatic changes in nuclear 
matrix protein patterns as cells grow and modifications of specific gene 
expression occur. Although the cause and effect of these changes in 
proteins and genes are not clear, it cannot be denied that they are closely 
related. As normal cells become tumorigenic, they are immortalized and 
have uncontrolled growth. The occurrence and disappearance of certain 
proteins in cancer and normal cells may have something to do with 
tumour initiation and progression. The loss of nuclear matrix proteins 
may imply the loss of gene replication control while the novel proteins 
may be involved in promoting cell division. Investigation of these 
phenomena may help us to understand the mechanism of cell division and 
may in turn give a hint on the prevention of cell transformation. 
Two cancer specific polypeptides were found in both cervical and 
ovarian cells. They had a pi value around 5.9 and molecular weight of 
about 63kDa and 65kDa. In breast cancer cells, two nuclear matrix 
proteins with similar molecular weights (62kDa and 64kDa) and acidic pi 
(5.3 and 4.7) were also found to be cancer specific (Khanuja et al. 1993). 
Since IEF was used to study the breast cancer cells, the pi value of the 
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proteins could be found more accurately. However, NEPHGE was adopted 
for cervical and ovarian cells studies in this experiment, the pi values 
could only be estimated with reference to landmark spots. Therefore, the 
spots reported by Khanuja may be the same spots found in our 
experiment. It is important to characterize these two spots in different 
cancer samples because they may be used as diagnostic markers for other 
cancers. 
4 Further Studies 
One of our immediate studies is to generate monoclonal antibodies 
against cancer specific nuclear matrix proteins, especially the two found 
in ovarian, cervical and breast cancer. Although two-dimensional gels can 
determine tissue-type specific nuclear matrix proteins and different 
matrix proteins between normal and carcinogenic cells, it is still a difficult 
technique to perform routinely in the laboratory. Using appropriate 
antibodies to detect cancer specific nuclear matrix proteins is a quicker 
and more efficient method for diagnosis. Although antibodies have been 
produced to tumour specific nuclear matrix proteins in breast cancer 
(Wisecarver et al. 1993) they are cell type specific. Therefore, the 
generation of monoclonal antibodies to different cancer cells is of great 
importance. 
Cervical cancers are found to be HPV related. Most of the cervical 
carcinoma biopsies are HPV-16 or HPV-18 DNA positive. Although no 
direct evidences have shown that the human papilloma viruses induce 
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cancer, they are believed to play an important role in the tumour 
formation since the HPV gene products can react with tumour 
suppressors p53 and Rb. Recently, an HPV-16 gene has been reported to 
be tightly associated with nuclear matrix of CC3 cells after nuclear matrix 
extraction (Yam et al. 1995). Since active genes are tightly bound to the 
nuclear matrix, the viral DNA could actively be transcribed. The HPV 
DNA is an exogenous gene and therefore the nuclear matrix protein 
associated with it is of great interest. It can be induced to express after 
viral infection or it may already present in the nucleus and has high 
affinity to the viral DNA. The identification of this nuclear matrix protein 
can be accomplished using south-western blot techniques. In fact, a 
project is ongoing in this laboratory. Nuclear matrix proteins of CC2, CC3 
and normal cervical cells were electrophoresed through mini one-
dimensional acrylamide gel. The proteins were then blotted onto 
nitrocellulose membrane. After protein reconstruction on the 
nitrocellulose membrane, biotinated HPV-16 gene was used to label the 
nuclear matrix proteins. Preliminary results showed that the HPV gene is 
preferentially bound to nuclear matrix proteins of cervical cancer cells 
with molecular weight around 80kDa and 90kDa. However, no or weak 
binding was found in normal cells. The results suggest that after HPV-16 
integration, nuclear matrix proteins specific for the viral gene binding are 
induced to express or modified. Our preliminary results need further 
confirmation and two-dimensional south-western blot will be used to 
identify and isolate the viral gene bound nuclear matrix proteins. 
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Eventually, characterization of the proteins can be carried out. The 
understanding of this nuclear matrix protein-oncogene interaction may 
cast a light on the mechanism of carcinogenesis. 
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Appendix 
Solutions and Buffers 
Phosphate buffered saline (PBS) 
The PBS used in all experiments is Dulbecco s modified PBS (DPBS, 
Sigma) 
Cell Culture 
Culture medium for CC2 
1. PRMI 1640 (GIBCO) 
2. 15% Fetal bovine serum (FBS) (GIBCO) 
3. lOOIU/ml penicillin (Sigma) 
4. 100^g/ml streptomycin (Sigma) 
Culture medium for CC3 
1. PRMI 1640 
2. 10% FBS 
3. lOOIU/ml penicillin 
4. 100[ig/ml streptomycin 
Culture medium for ovarian cell lines 
1. M 199 and MCDB 105 (1:1 ratio) (Sigma, Sigma) 
2. 10% FBS 
3. lOOIU/ml penicillin 
4. 100[ig/ml streptomycin 
Culture medium for normal cervix explant 
1. PRMI 1640 
2. 5% FBS 
3. lOOIU/ml penicillin 
4. 100[ig/ml streptomycin 
Transporting medium 
1. RPMI 1640 
2. 25mM HEPES (Sigma) 
Freezing medium 
1. 70% M 199 
2. 20 mM HEPES 
3. 20% FBS 
4. 10% DMSO (Sigma) 
Trypsin 
1. DPBS (pH 7.6) 
2. 0.02% EDTA (Sigma) 
3. 0.05% Type III trypsin (Sigma) 
4. 0.001% Phenol red 
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Nuclear Matrix Extraction 
Cytoskeleton buffer (CSK) 
1. lOOmM KC1 (BDH) 
2. 3mM MgCl2 (BDH) 
3. ImMEGTA (Sigma) 
4. 1.2mM PMSF (Sigma) 
5. lOmM PIPES (pH 6.8) (Sigma) 
6. 300mM Sucrose (BDH) 
7. 0.5% Triton X-100 (Sigma) 
Reticulocyte standard buffer (RSB) 
1. 42.5mM Tris-HCl (pH 7.4) (Sigma) 
2. 8.5mM NaCl (BDH) 
3. 2.6mM MgCl2 
4. 1.2mM PMSF 
5. 1% Tween 40 (Sigma) 
6. 0.5% Sodium deoxycholate (Sigma) 




4. 1.2mM PMSF 
5. lOmM PIPES (pH 6.8) 
6. 300mM Sucrose 
7. 0.5% Triton X-100 
Disassembly buffer 
1. 0.15M KC1 
2. 25mM Imidazole HC1 (pH7.1) (Sigma) 
3. 5mMMgCl2 
4. 2mM DTT (Sigma) 
5. 0.125mMEGTA 
6. 0.2mM PMSF 
Assembly buffer 
1. 8M Urea (Sigma) 
2. 20ni]M Mes (pH6.6) (Sigma) 
3. ImMEGTA 
4. ImM PMSF 
5. O.lmM MgCl2 





2. 5% Normal sheep serum (Serotec) 
3. 0.5% BSA (Sigma) 
4. 0.05% Tween 20 (Sigma) 
Nuclei Isolation 
Solution A 
1. 0.25M Sucrose 
2. lOmM Tris-HCl (pH 8.0) 
3. 3mMMgCl2 
4. O.lmM PMSF 
Solution B 
1. 0.25M Sucrose 
2. lOmM Tris-HCl (pH 8.0) 
3. 3mM MgCl2 
4. O.lmM PMSF 
5. 0.1% Triton X-100 
Solution C 
1. 2.2M Sucrose 
2. lOmM Tris-HCl (pH8.0) 
3. 3mM MgCl2 
4. O.lmM PMSF 
Non-Equilibrium pH Gradient Electrophoresis (NEPHGE) 
2D sample buffer 
1. 9.5M Urea 
2. 2% NP-40 (Sigma) 
3. 5% P-Mercaptoethanol 
4. 2% Bio-lyte 3/10 ampholyte (BIORAD) 
First dimension gel mixture 
1. 9.2M Urea 
2. 4% Acrylamide/Bis (Sigma/BIORAD) 
(from 30% T/ 5.4%C stock) 
3. 2% NP-40 
4. 2% Bio-lyte 3/10 ampholyte 
5. 0.015% Ammonium persulfate (BIORAD) 




SDS sample buffer 
1. 62.5mM Tris-HCl (pH6.8) 
2. 10% Glycerol (Sigma) 
3. 2% SDS (Sigma) 
4. 0.05% p-mercaptoethanol 
5. 0.001 Bromophenol blue (Sigma) 
10% Separating gel mixture 
1. 0.375M Tris-HCl (pH8.8) 
2. 10% Acrylamide/Bis (from 30% T/ 2.67% C stock) 
3. 0.1% SDS 
4. 0.1% Ammonium persulfate 
5. 0.0004% TEMED 
Stacking gel mixture 
1. 0.125M Tris-HCl (pH 6.8) 
2. 5% Acrylamide/Bis (from 30% T/ 2.67% C stock) 
3. 0.1% SDS 
4. 0.1% Ammonium persulfate 
5. 0.001% TEMED 
SDS running buffer 
1. 25mM Tris base (pH 8.3) (Sigma) 
2. 0.192M Glycine (Sigma) 
3. 0.1% SDS 
Silver Stain 
Fix solution 1 
1. 40% Ethanol (BDH) 
2. 10% Acetic acid (BDH) 
Fix solution 2 
1. 0.5% Glutaraldehyde (Polysciences) 
2. 30% Ethanol 
3. 8.3mM Potassium tetrathionate (Sigma) 
4. 0.83M Sodium acetate (Sigma) 
Silver nitrate solution 
1. 11.8mM Silver nitrate (BDH) 
2. 0.025% Formalin (MalHnckrodt) 
Developer solution 
1. 0.217M Potassium carbonate (Sigma) 
2. 0.015¾ Formalin 




1. 0.413M Tris base 
2. 2% Acetic acid 
Lowry Protein Assay 
Solution A 
1. 2% Na2C03 (Sigma) 
2. O.lNNaOH 
Solution Bi 
1. 1% CUS0 4 . 5H 2 0 (Sigma) 
Solution B2 
1. 2% NaK tartrate.4H20 (Sigma) 
Solution C 
1. 100 volumes of solution A 
2. 1 volume of solution Bi 
3. 1 volume of solution B2 
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Figure 1 Phase contrast micrograph of CC2 cells, (arrow indicates a 
mitotic cell; scale bar = 20|iim) 
Figure 2 Phase contrast micrograph of CC3 cells, (arrow indicates a 
mitotic cell; scale bar = 20]Lim) 

I 
Figure 3 Phase contrast micrographs of normal primary cervical cells 
from explant. 
a) Cells growing out from the explant. Ex: explant. 
b) Periphery of outgrowth. 
Scale bars of a and b = 20jiim 

I 
Figure 4 Photomicrograph showing CC2 cells labelled by anti-
cytokeratin antibody and visualized by FITC indirect 
immunofluorescence technique. Scale bar = lOjum. 
Figure 5 Photomicrograph showing CC3 cells labelled by anti-
cytokeratin antibody and visualized by FITC indirect 
immunofluorescence technique. Scale bar = 10^m. 
Figure 6 Photomicrograph showing normal cultured cervical cells 
labelled by anti-cytokeratin antibody and visualized by FITC 



























































































Figure 7 Electron micrographs showing the cytoskeleton network of 
CC3 cells after nuclear matrix extraction. The intermediate 
filaments were labelled by anti-cytokeratin antibody and 
visualized by immunogold particles. Scale bar of (a) = 200nm 
and scale bar of (b) = lOOnm. 

I 
Figure 8 Electron micrograph of a CC2 cell after whole mount 
preparation. 
IF intermediate filaments; NL: nuclear lamina; NM: internal 
nuclear matrix; Nu: residual nucleolus; scale bar = 2.5^m. 
Figure 9 Electron micrograph of a CC3 cell after whole mount 
preparation. 
IF: intermediate filaments; NL: nuclear lamina; NM: internal 
nuclear matrix; Nu: residual nucleolus; scale bar = 2.5^im. 
Figure 10 Electron micrograph of a normal cultured cervical cell after 
whole mount preparation. 
IF: intermediate filaments; N: residual nucleus; scale bar = 

I 
Figure 11 Electron micrograph illustrating the individual intermediate 
filaments of CC2 cell after whole mount preparation. 
IF: intermediate filaments; N: residual nucleus after 
extraction; scale bar = l‘2|iim. 
Figure 12 Electron micrograph illustrating the intermediate filament 
bundles of CG3 cell after whole mount preparation. 
IF: intermediate filaments; N: residual nucleus after 




Figure 13 Electron micrographs of resin thin sections showing the 
nuclear matrix - intermediate filament system of CC3 cells. 
IF: intermediate filaments; NL: nuclear lamina; NM: internal 
nuclear matrix; Nu: nucleolar matrix. Scale bar of (a)= 
scale bar of (b) = 

Figure 14 Electron micrograph of DGD thick section showing the 
nuclear matrix - intermediate filament system of CC2 cells. 
IF: intermediate filaments; NL: nuclear lamina; NM: internal 
nuclear matrix; arrows: nucleolar matrix. Scale bar = 3.3pm. 
Figure 15 Electron micrograph of DGD thick section showing the 
nuclear matrix - intermediate filament system of CC3 cells. 
IF: intermediate filaments; NL: nuclear lamina; NM: internal 
nuclear matrix; Nu: nucleolar matrix. Scale bar = 3.3^m. 

t 
Figure 16 Electron micrograph showing internal nuclear matrix of CC2 
cell. The cells were extracted in the presence of RNase 
inhibitor, RVC, and digested with 100^g/ml DNase I. 
Scale bar = 250nm. 
/ 
Figure 17 Electron micrograph showing internal nuclear matrix of CC3 
cell. The cells were extracted in the presence of RNase 
inhibitor, RVC, and digested with 100^g/ml DNase I. 




Figure 18 Electron micrographs comparing the smooth intermediate 
filaments (a) and granular internal nuclear matrix (b) of CC3 
cell. Scale bars of (a) = 250nm and (b) = 500nm. 
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Figure 19 Nucleolar matrix of a CC2 cell in DGD thick section 
visualized under a TEM. The internal nuclear matrix (NM) 
is connected to the nucleolar matrices (Nu) and holds them in 
position. Scale bar = 500nm. 
Figure 20 Nucleolar matrix of a CC3 cell in DGD thick section 
visualized under a TEM. The internal nuclear matrix (NM) 
is connected to the nucleolar matrices (Nu) and holds them in 
position. Scale bar = 500nm. 

r 
Figure 21 Nuclear matrix density of CC2 and CC3 cells after 100^g/ml 
DNase I digestion in the presence of RNase inhibitor. 
Vertical bars = SEM. 

I 
Figure 22 Scanning electron micrographs showing isolated nuclei of 
CC3 after nuclear matrix extraction. 
a) Isolated nucleus on formvar coated grid was extracted for 
nuclear matrix. A filamentous network is uncovered and 
still attached on the grid. Scale bar = 
b) High power view of the internal nuclear matrix of the 
isolated nucleus. Scale bar = 0.5fim. 
I 
Figure 23 Electron micrograph showing nuclear matrix « intermediate 
filaments of a CC2 cell after 25jng/ml DNase I digestion in the 
absence of RVC. Scale bar = l.l|im. 
Figure 24 Electron micrograph showing nuclear matrix - intermediate 
filament of a CC3 cell after 25^g/ml DNase I digestion in the 
absence of RVC. Scale bar = l.ljLim. 
Figure 25 Electron micrograph showing nuclear matrix - intermediate 
filament of a cervical epithelial cell after 25^g/ml DNase I 




Figure 26 Electron micrographs illustrating the decrease in the amount 
of internal nuclear matrix in CC3 cells as the concentration 
of DNase I increased. RNase inhibitor, RVC, was not 
included for extraction. The internal nuclear matrix occupies 
the whole nuclear area when CC3 cells were digested with 
25jng/ml DNase I (a). As the enzyme concentration was 
raised to 50jng/ml (b), little internal nuclear matrix is left. 
When lOOfig/ml (c) and 200fig/ml (d) DNase I were used, no 
internal nuclear matrix can be observed. Scale bar of (a)= 














Figure 27 Electron micrographs illustrating the internal nuclear matrix 
of CC2 cells at different DNase I concentration. No RVC was 
added during extraction. The internal nuclear matrix is 
found occupying the whole residual nucleus when 25^g/ml (a) 
or 50fig/ml (b) DNase I was used. Sparse internal nuclear 
matrix is seen after 100^g/ml (c) DNase I digestion and only 
few matrix fibres can be found at 200^g/ml (d) DNase I 
extraction. Scale bars of (a) and (b) = 3.3 m (c) : 2.8 m and 
(d) = 2.5jnm. 
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Figure 28 Changes of the nuclear matrix density of CC3 cells when 
extracted with different DNase I concentration in the absence 
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Figure 29 Changes of the nuclear matrix density of CC2 cells when 
extracted with different DNase I concentration in the absence 
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Figure 30 Graph showing the different responses of CC2 and CC3 cells 
when extracted with different DNase I concentration in the 
absence of RNase inhibitor. The decrease in nuclear matrix 
density is more drastic in CC3 cells than in CC2 cells. 
Vertical bars = SEM. 
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Figure 31 Electron micrograph showing the nuclear matrix -
intermediate filaments system of human epithelial basal 
cells. Scale bar = 4.5fim. 
Figure 32 Electron micrograph showing the nuclear matrix -
intermediate filaments system of human epithelial 
superficial cells. Scale bar = 4.5|iim. 

• I 
Figure 33 Electron micrograph of normal rat cervical epithelium after 
in situ nuclear matrix extraction. 
St: stromal region of the cervix; Ba: basal layer of the 
epithelium; Su: superficial layer of the epithelium; NM: 
internal nuclear matrix of basal cells; arrow indicates the 
nucleus of superficial cell with sparse internal nuclear 




Figure 34 Protein compositions of nuclear matrix and intermediate 
filaments. Lane 1: molecular weight marker; lane 2: nuclear 
matrix proteins of CC2 cells; lane 3: nuclear matrix proteins 
of CCS cells; lane 4: nuclear matrix proteins of normal 
epithelial cells; lane 5: intermediate filament proteins of CC2 
cells; lane 6: intermediate filament proteins of CC3 cells; lane 
7: intermediate filament proteins of normal epithelial cells. 
Figure 35 Nuclear matrix proteins of cervical cancer cells, normal 
cervical cultured cells and cervical cells in vivo after run 
through a 10% acrylamide SDS slab gel. The molecular 
weights of the protein bands are indicated. Lane 1 and lane 
2 illustrate the nuclear matrix proteins of CC2 and CC3 cells 
respectively. Lane 3 shows the matrix proteins of normal 
cervical cultured cells. The nuclear matrix proteins of 
normal cervical epithelial cells from two biopsies are shown 
in lane 4 and 5. The arrows point to cancer specific bands 





Figure 36 Two-dimensional gel pattern of CC2 nuclear matrix proteins. 
The arrows across the width of the gel represent the first 
dimension non-equilibrium pH gradient electrophoresis and 
the arrowheads down the length of the gel indicate the 
second dimension SDS-PAGE. La: lamin A; Lb: Lamin B; Lc: 
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Figure 37 Nuclear matrix protein pattern of CC2 cells after 2D gel 
electrophoresis. Spots within the dotted line cannot be 
resolved under the conditions stated in Materials and 



































































Figure 38 Nuclear matrix protein pattern of CC3 cells after 2D gel 
electrophoresis. Spots within the dotted line cannot be 
resolved under the conditions stated in Materials and 
Methods. They are not counted and analysed. 

Figure 39 Nuclear matrix protein pattern of normal cervical epithelial 
cells after 2D gel electrophoresis. Spots within the dotted 
line cannot be resolved under the conditions stated in 
Materials and Methods. They are not counted and analysed. 

































































































































Figure 40 Comparison of 2D gel patterns of CC2 (a) and CC3 (b) 
nuclear matrix proteins. The arrows indicate the spots (i, ii, 
iii and iv) that occur in CC2 nuclear matrix and the 
arrowheads show the spots (a, b c and d) present in CC3 
nuclear matrix only. La: lamin A; Lb: Lamin B; Lc: Lamin C; 
act: actin. 
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Figure 41 Comparison of nuclear matrix protein compositions of normal 
cervical epithelial cells (a) and cervical carcinoma cells (b). 
Spots within the dashed line and indicated by arrowheads 
are found in normal cells only (a). Dotted line and arrows 
mark the cancer specific spots (b). NC: normal cervix; La: 
lamin A; Lb: Lamin B; Lc: Lamin C; act: actin. 
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Figure 42 Phase contrast micrographs of HOSE 12 cells at low cell 
density (a) and when confluent (b). Arrow indicates a mitotic 
cell. Scale bars = 20jiim. 

Figure 43 Phase contrast micrographs of HOSE6-3 cells at low cell 
density (a) and when conflueixt (b). Arrow indicates a mitotic 
cell. Scale bar of (a) = lO^im ap.d (b) = 20^m. 

I 
Figure 44 Phase contrast micrographs of SKOV3 cells at low cells 
density (a) and when confluent (b). Scale bars = 20^m. 
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Figure 45 Phase contrast micrographs of DOV13 cells at low cells 




Figure 46 Phase contrast micrographs of OVCA429 cells at low (a) and 
high (b) cell density. Scale bar of (a) = 20jLim and (b) = lOjum. 

I 
Figure 47 Phase contrast micrographs of OVCA432 cells at low (a) and 
high (b) cell density. Scale bar of (a) = 20 m and (b) = 10 m. 

Figure 48 Electron micrograph showing the nuclear matrix -
intermediate filaments system of a HOSE 12 cell after whole 
mount preparation. IF: intermediate filaments; N: residual 
nucleus. Scale bar 5 m. 
Figure 49 Electron micrograph showing the nuclear matrix -
intermediate filaments system of a HOSE6-3 cell after whole 
mount preparation. IF: intermediate filaments; N: residual 
nucleus; arrow indicates the detaching intermediate filament 
network. Scale bar = 5jLim. 
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Figure 50 Electron micrograph showing the nuclear matrix -
intermediate filaments system of DOV13 cells after whole 
mount preparation. IF: intermediate filaments; NL: nuclear 
lamina; NM: internal nuclear matrix; Nu: residual nucleolus. 
Scale bar = 5jnm. 
Figure 51 Electron micrograph showing the nuclear matrix -
intermediate filaments system of a SKOV3 cell after whole 
mount preparation. IF: intermediate filaments; N: residual 
nucleus. Scale bar = 5|tim. 
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Figure 52 Electron micrograph showing the nuclear matrix -
intermediate filaments system of a OVCA429 cell after whole 
mount preparation. IF: intermediate filaments; NL: nuclear 
lamina; NM: internal nuclear matrix; Nu: residual nucleolus. 
Scale bar 5pm. 
Figure 53 Electron micrograph showing the nuclear matrix _ 
intermediate filaments system of a OVCA432 cell after whole 
mount preparation. IF: intermediate filaments; N: residual 
nucleus. Scale bar = 

Figure 54 Electron micrograph showing the intermediate filaments of 
SKOV3 cell after whole mount preparation. Scale bar = 
l.l^im. 
Figure 55 Electron micrograph showing the intermediate filaments of 
OVCA429 cell after whole mount preparation. Scale bar = 
l.ljLim. 

Figure 56 Electron micrograph showing the intermediate filaments of 
DOV13 cell after whole mount preparation. Scale bar = 
588nm. 
Figure 57 Electron micrograph showing the intermediate filaments of 
OVCA432 cell after whole mount preparation. Scale bar = 
588nm. 

Figure 58 Electron micrographs illustrating the nuclear matrix -
intermediate filaments system of HOSE 12 cells from DGD 
thick sections, (a) The intermediate filaments (IF), nuclear 
lamina (NL), internal nuclear matrix (NM) and nucleolar 
matrices (Nu) are connecting to each other, (b) The internal 
nuclear matrix is shown under high power view. Scale bar of 
(a) = and (b) = 250nm. 

Figure 59 Electron micrographs illustrating the nuclear matrix -
intermediate filaments system of HOSE6-3 cells under low 
(a) and high magnification (b). Scale bar of (a) = 2pm and (b) 
588nm. 

Figure 60 Electron micrographs illustrating the nuclear matrix -
intermediate filaments system of SKOV3 cells under low (a) 




Figure 61 Electron micrographs showing the nuclear matrix -
intermediate filaments system (a) and internal nuclear 
matrix (b) of DOV13 cells from DGD thick sections. Scale bar 
of (a) 2 m and (b) = 250nm. 

\ 
Figure 62 Electron micrographs showing the nuclear matrix -
intermediate filaments system (a) and internal nuclear 
matrix (b) of OVCA429 cells from DGD thick sections. Scale 
bar of (a) = l . l^m and (b) = 250nm. 

Figure 63 Electron micrographs showing the nuclear matrix -
intermediate filaments system (a) and internal nuclear 
matrix (b) of OVCA432 cells from DGD thick sections. Scale 
bar of (a) = 3.3^m and (b) = 250nm. 

Figure 64 The internal nuclear matrix of SK0V3 cell observed under a 
transmission electron microscope. Scale bar = 125nm. 
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Figure 65 Electron micrographs illustrating the nucleolar matrix 
organization of SKOV3 (a) and DOV13 (b) cells. 
a) Nucleolar matrices are located at the inner region of the 
residual nuclei (indicated by arrows). Scale bar = 2\im. 
b) The nucleolar matrix (Nu) is connected with the internal 
nuclear matrix (NM). Scale bar = 250nm. 

Figure 66 Nuclear matrix density of different ovarian cell lines after 
digested with 100^g/ml DNase I in the presence of RNase 
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Figure 67 Comparison of the nuclear matrix density of normal and 






















Figure 68 Two-dimensional gel pattern of HOSE 12 nuclear matrix 
proteins. The arrows across the width of the gel represent 
the first dimension non-equilibrium pH gradient 
electrophoresis and the arrowheads down the length of the 
gel indicate the second dimension SDS-PAGE. La: lamin A; 
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Figure 74 Comparison of the nuclear matrix protein compositions of 
normal immortalized ovarian cells and ovarian carcinoma 
cells. HOSE 12 cells represent the normal cells (a) and 
compared to the cancerous OVCA429 cells (b). Arrows 
indicated the cancer specific spots and the arrowheads point 
to the spots that occur in normal nuclear matrix only. La: 
lamin A; Lb: Lamin B; Lc: Lamin C; act: actin. 
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Figure 75 A schematic diagram showing the normal ( • ) and cancer (•) 
specific spots with reference to some landmark spots (O). La: 
lamin A; Lb: Lamin B; Lc: Lamin C; act: actin. 
Figure 75 
1 
• NORMAL SPOTS }| 
• CANCER SPOTS I 
70KD, pi 7.63 I 
La




60KD, pi 7.63 I 
o 
act 
43 KD pi 5.93 I 
• 























CUHK L ib ra r i e s 
•03511532 
